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1. INTRODUCTION

'Thlis Filild Il)0ot siumir~i,(-, the iresi'iirrc that. hais btern coniducted

Inder. ContirAt N0001/1-78-C>-01 47 dtii'irig the perio)d IJanuary ]1978 thr-ou,-h

D ecembn er 1 987. Detilcd expeilit" md r.dnaV pi dorsa1( isc uto-ijonri-e

iric ude fo the wok -efoii~d from1) I Jan uar-y 1987 th mug h 3 1 Deco in be r

1987. Thel( eaier wor-k hias beenr I detiiled in the following I riter-imi 1?por t.s":

1luorochem Repor-t ONR-2- 1., 1. Januar-y 1 978 thr-ough 28 FPehruary 1 979.

FlIuor-oc hemi Report ONR1-2-2, 1 Mar-ch 1 979 th moug h 29 F;ebruax' jy 1980.

IFluooc hemi he port ONR-2-3, I Mar-ch 1980 th-mug h :31 Decem her' 1980.

* ~~~Pluovocremr hxe por-t ONR-2-4, [I Jan uar-y 198 1 through 31 1ccoe i h 1 981.

FIu )r()c hin~ Re port ON R-2-5 , I Januar-y 1 982 throughi :11 Decembothe 1 982.

* -. 4 ~P rioroc ber 1Rcp( rt ON h-2-6 , I Jauar-y 1 983 th i'( ugh 3~1 1)(eerr er 1 9831.

F1 i to rc ir. hem l1 jn w t ()NI-2-7, hi Jammiry 1 984 Lb r'oig h 31 Iecom her 1 984.

PI I olri-( l I Pcptl ON!J-2-8, I Jamiy 1985 thr-ough 31December- 1985.

blo-ochem Rewot C)NR-?--9, I Janiuary 1986 through 31December, 1986.

lic following pub liciriorjs in technical jou0r nial have beenr prepai-e

u rider t01is coritrac t:

aui,1<.; 1 erd, D).A.; fHotn, J.S. J. Org Chem. 1978, '13, 203.
"Synthesis of Otrganosilanecs arid 1Polysiloxanies with Nitro arid 1luoro
S SIj bstitiuerlits.

Lda, )A; aum, X. J. Oirganrietallic Chemr. 1978, 15S9, 251I.
"Synthesis of I3is( 3,3-initrob)Iutyl) pol)ysilo:xaines."

Ban im, Ki.; (I u&; I, A .M. Syn thcuis 1979, :311. "Mic hael Reiiction of
Moth y toii'lOltfl te11 , with Ni tro Cow pou rids,.''

Be r'kow itz., P.1.; Ba, X(. J1. Oi-g. Chewc~. 1980, 45, 4853.'htoiso
2- Pluoro-2-nit. ro- 1 3- propa nediol. TPr' if flUoro'm1ctha n esulIf oriatos aI ri d
3 - F1 u oro-3- N i trioo xe Lane.'

Be-r-kowP z, P.1.; b3AUmI, K. J1. Or-g. Ghouw. 1981, 46, 381(6. ''Reactions of
-F]) uoro--2 -N it. r-I, 3- p repailred hil. 1)-i'd ue fnesli I fonia Loes.

0%
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1$uuru, 1K.; Berkowitz, P.1'.; (iaaek.~,V.; Archibaldl, 'T. I. oi.
L .hem. 1983, 42, 2953. "Syn thesis I tleJ r l- ei crtOetrta

.N,. 3-Azidooxetarte, 3--Nitrooxotarie , uric] .3 33-lDifIli troX(}t Iit.

Pht'tolloVwiili [iimmii5ii pt; hai\'( lwon ct lii )letx'r2 ;te ;iii( heing stulnii (1:

Archibald, T, . C; Ii t A I i , SK ''ynthie s is o1 I )iit, rt I1; aI I it "IOnfs.
I lxications of Oxirnirwioazaaniitaner(,s."

Archibald, TI. G.; Bauim, K.; Gulard i, P.; Geoorge, C. 'S y ii hsis an (1 X.
ray CrYst"al Structulre ot( ,,)fntir~ubtt~e Azetidirie."

'1The i nit[ial eruphas is of' the researe I was oil the developaenrt of lonrg.-

c hat ra oe rgetic diolS for propellant app] jeatit )05. The chemlistry of iitrIi-

-. ~~oxe tnras was pionace red to provide rroiolaaer that :ould( be c orive r to lo

I~~~ y d1 rox y- termintated oligomerst- ( he port ONRi-2- I) . A 1)rair ial say nthea is of

z- lui'o?- nt rop3 artd ulwas (love 101 )d, ancd it. war; fou1nd that, t h(!

iaaoiot. r iflate coulad be rtyclized to the oxetane, R1i thou g la iLf nonl-fl I01'i)1iaA-

ted nitro comiipounds uniderwent. deformryhition. A convenient synitheFais of I-

*fluoronitroethylerie was found (Reports ONR-2-2 and ONR-2-3). Th e

Polymerization of fiorodinitroethyl glycidyl was studied (Reports ONI-2-2

- ~ ~ O ai ON-2-3). 2,2-Dinitroo;:.etanie (Reports ONR -2-2 and ONR-2-3)wa

sxnatheaized fromi epichiorohydrin by the addition. of acetic acid, blocking

the1 alcohol A al sr aetal, Cyclizatiori anid hydrolysis to give 3-hydroxy-

oxe ar a, disjplaceien I of the tosylate w it abrzile, red uction to) the amjino,

P oxidation anid oxidative nitration. IPolyiairs of 2 ,2-di nitrooxetanie (He port

e. ON H-2-4) were too haigh-mel ting for propel Ianid a pplications, but potentially

1e lj oligotlrai -aw q obtained from the incitermediaute, .I-.laidoox'tatiO.

'[he rw of (it it wJiS St huseq iena 11y ri oruit ted to the siyii thesis of new

ht L,,-density exp1)los ive s. Proced ures deveoped for- the con version of 2-

;i dari i i nsa t 2,2; di ni In 'r tto ( e port. ONU-2-4 were used to)

'y I Ih si,7, 2,,6 c t er~anit roa Ida Il inatoarid 11( bicyconionatnc doeri vaLi vcs

K .... ..
0I&%. % ,_



WN N.*' x LX.X IIx2-- Td..-- --- v-T -K C K

(Ruport ONR-2-6). Thie first syi~lsl tI,,-rntoielie was"

accomplished by the acddition of t-b iitylarnirie to epich JoroOhydr-n to gi'r: 1 -1-

butvl-3-hydiroxya'/e(tldieiii,, riltrit(; displacemen30ft. k) tlwe (;olresprirdirg mjieliarie-

su If onate, and niitrol ysis of the t-but yl g rou p ( e pwrt ON k-2-6 ). 4,4,8,8-

l'etrani 1robicyc' ml 3.0)1-2 ,6-dioxAOCAIC Wl~ Iai Sy IIt hesCi '/i Z roU ( I ,8--di- p-

* tosy lato)bic ye lot 3.:3 .01-2 ,f-d io-xAoc Lario ( He port ON R-2 -7). l.,1,4 ,4-Tetr-aTi txo-

cyclobut-are was synithesimed by ai rm()t involvinjg the. ()Xidbitiori Of I-

d jm j'jo yebbii a iad ox idative riiration ( Report ON F--2-8)

Al133 13ci as pc, of the pi'og r-am inrvol1ves the pre;paratoin of' n itro-

*substituted fluorocar-bonis for use as pyrotechnic binider- ingr-edienits. Ih e

* a Iji ek a ppr l:13c of aIdd (i g a itroriate salts to , -di flu1ooAcrylates and ( 2,2-

difluor-ovinyl gave 0- r-ather' than C- nitrnat adducts; reactions of lithiumi

2-n trproari- 13-dalace ori idfo with pey-fliioloakyj jodies gave the 2-

I)er-f hior-oal kyl-2-ni tropr-oparie- I ,3-diol derivatives (Report ONR-2-8).

'Nj L-1i'il ior Of Lilt; uOAIe o~S0 fI tiF~3 I :L~C c0$he gvnm-dj~ 'n r()

dclen vathi yS. 1?ea(: Lins of a,&j-djiioofui-itorol kanies with eth ylene, followed

byN mr i ito di. placemze n t ga VO the a,n,)- bis (iodoe l ) dcemi vatiyes (He po-t

0NU-2-9).

o 'JAW Woe h p ' forife mmd(1u irig the finairl con r:tt year~ inrcludes stud los

aii Jed at. Iimpr-ov ei romiteLs to t, 1, 3,3-tetam itrocyc lob u Lane aridnit-s b

st itutIc( fou r- [it:Iiiliced r'i g comnpounds with spiro junctions. Process

studies for the, scii13-uIp of the pr-epar-ation of I ,3,3'-tr'iniitr'oa',etidirie, were

cav r Iie(1 Out. W~w O r) the pre pa ration of ni iIro-su bs-ti ted fi uor-ocar bori s Was

also) cont3inued,

% .1
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HI. POLYNITROCYCLOBUITANES

A. Discussion

- 1,1 ,3,3-Tet raniitrnc-ycl.obutane.. Inr the' p i(-t(' (ing Inrter im thlepe

fir-st svuI thllsis of I,1 ,-tr'ircd b i.aw! (INhUB) was~ (Ies(xibedJ. 1j-

I~i~uiirx1A,.'~p, jepavied by ai iuitisterr route, wli e)Xliizi With III

c:iilor()1pevbon i1()w ;wcid h) giVe ,:3drrvJbi; , Wlridil WJI5 ((c)TIvc(-Jt

to TNCB bY oxid~fit vr t~i-a~tier. To) ctilitd( thC pi-erpar;kliLilon (A' ! -~

samnptc-s for- testing" of this Potetially uisefiti expiosiv., ;III itive stig::tiO1 ()f

fl~tez'Tnat(' synthesis pr-occdures-- wfls initiated.

* .~~~A r'eadfliv ; aiI1)0potential star-t ing matotrial, tat- 4-ip oiy1 3-

ri Itro-( c Ioh ut hoiw is pt) 1tJ)~d 1)Y the p hot) od iier-i zatioin (A' 13-itot reli. 2

* (Oxidativ VInii atiori arald oxidative +-prhe ny Ia ion wouild give TVNCI d dir c. I

(N02

GC Hc, C1t CH -NO C (11 -CH Gil C,; 1L - > (2, lib -GU THN~ft,

(NO;'

1.ftt r C n ef F t. the x.riit i itIioLi I of t I-;j is -2 4 - d iIh e r iy 3

(i n i. oexcto bititawe r' ojt uuccesif 1]. ( cnra~tairi of Ow riit rt itek saif. withi

ItIItliarioflic 5()dillm motr.hoxide at 20 'C or- a -mty]ltit~hiimn at. -6O 'C foIIow(!(i

h v retocticit Iwit h t(.iii itx-omic hine rcs ii tod in decomiiposi tiotn. siiilar.

tr0Se It.S Weret' oblit,,ied(_ in oxidative nitrations isrig aq uois fem-r yanicif-~

- j~~~ei-sul fa t e or, sii ye-nrii ate a-s the oxidnit., or- the di riitz'ona~iLe. salt. gn eur ted

Wi th beutylI litlhi u (ii)o' potassi a n t-b utoxi do as the so bstra--t.

.
Nu.



I nw -, - (Ii t.- - I , - -ii .)'Y -1(ht ; i ." .N Y 1 V M J- Wi -i Ir11 wI- I

I ,iLi I 11 7e~ I I :Itt'I c s t thc14 I~I N I) I? jil. t (, cych4 btitVI i Lr4J i f *

fSi LLLl Po l p- ~t ril d I 4 it 1 v 3-~lL b rmo'I , i tm 3i J IL~ 4 I i 'j()--l. wi '\ I - i p h fly LI) k)41

.1% 1 "Ilte lit(' s t i I t('e g to) TNI('1 h(1sL( (41 t III 1,'--d(1i ol;kr. "Id it imL I (

S 'J)I~tr'o~f)I1(i4 to Was~bo~r~sx;~ rinvfeiitiAOItLed subst"quern'itly. ii 'jo

1.1 J)JbI~tItlLpf.(.i ILpail'IA by oxidatioii ()f Vl(lrXiklo1I t(Vh-

p L(fYhrh) yiY Id('h yde xv h (:ecrj wilmonim tiit ' at id thoerioI vsiii of the

Let rox idc ,i t -50 iw -78 Cdid not give 1,3din rcy~( u n.S ubsequLe nt.-

I ' . -ilii~)d(' C ob Lar~ 9
,obtainfed by hoiI eii)] additioni to h icyciol I .1.0 j--

:i ;As WS 1heo 2(te'd tIo azide Li ip lacoe L.ri t to c~i vei1 - aldey o 1t i

-hal) t ~ILL~l IV 1? a IL] NM lR s)j LV(a. llxcI rogeniitioni oi tis diaz/.d4! (72

ht, 1:)1o 11 JLb pL SI-I51U4) ii1peared toi givte te diaxminie, lil, onily ill v-r-y lo)w

V it,11 , I It(d o~xidii (I I he cr1u11le ineIl %Vi i i-rb loro-(perhe('rizor: ncid did

not- (I~ 1 ,dn i t r:y 1(bu ta ri. Reaction of the diazide with Lributyl-

f4L)5[h ILxffor-(le-d Owi his-phospliirie ilbie', u. low tpeiiipei'atiiie 07.0(11)-

I -i~s (did nut friv4f,2- init rocyelobiutarie.

A reLcenft. T'LpfIwt
2 

t I;I t d irTIiitr o gci I tL'troxide( a(dds acros.s irtethyl I-

x.' triLy 1lol 4. 1]*(J.() 2
,
7 

J, he triocar'boxylate promnpted us5 Lo in yes tigate the ad ditLion

cd ~ L iit'ero I tt ox I di to) ethyl hicyclof . ( liii-luibxlte Art



r-.c -i~ 1o l , LI I l J tl i il

liter ;Atiire m1tieid" '.a:-i use d. Alklc' cy lIddihiuri with vey orrtii

used to pl-epal' - ii iiVCi(\lhJ11 i 'rIui il, Ii d Ii itrlilt h yd Jly 50,I

te IlX)-il h V 1 0CVC U lI (C Vei h(-'r ii)te V iiri P:he I/uric (87-90%) 4tio

[' .hyI o0 t t III pko I. I I lb i 0 sm e c oiu lte was pred( ;i.(-.II f on thf Hw rori o

Sid t hyt t.h cdi o f 5 roe% o . uty C~ ohol(,) lef to( a 85%-)

fw [) }tii L5 yies (y eth t.1 h ylo I . I d( II) tan- I -iiil uxl) t

r., ow td .9 t w of, w llusylt isea cli CN (, fNo~iyal cli> -l- d CO. Iim rov

I2 Ovi Cas liC)12I OCi ICO> pH. N ai fr-ii the C vomostcu

FtOlClip CH C): 0- I it Cil CiO E . Nl i (Lp C1 CO2 EL

Cii~i~ IthL),C I 1,-irEitiBe(ci 142ti ie IC E-w thNxyIf CH? Ci :0-40 E, si

Mli SO (11 11., B r- Cll li

e. 
. .- . .~ .AAA .~-



mfixturle of, (715/It-ati isollrs'. O e 011c -Mlt %4"1; ;Io oil, airld 01c fther WI±i ;I

sliiw hich Iiws roe r v-slahlizcd from ethor--h exaino after colj n r c h r'olatoi-

* mu ~rphN O xidmhv' iV(i trot foil of the fsolrffe-r n InC t 5 C In nIq fleouls 1

fistig ~fpl~-hoii. c7onditions niffordorl J'NC in 1 0-22% yields. A total

of 1,.(; 1, of 'TNJOI wa's prepared by I'hi"" Imiehod.Isio ithlbel-

[1. bf~me IS h',I~~l t iIstd Of 0he 01 V) (S t, i) in thS W(lt)1er

resulted ini lowe r Yields in the N2 .i ntdcitiori step.

NU2 NW
C' 11:' COU. U N: 0.1 C II.- C- CC) Ft AN( (1WI C NO.,

('I (L(I I:NoNO, NO). C C11I
NO. OH_ NO-

Al( lw p 11f tI Ilicl I 'oll.c ( to 'INCII was in f /7i[O td fl whIic 111c Ikeyi' h

intr'me ite55t'I.bYI -fX0~ C f)I)U a 10 I-e~irhx iato d~escri bed abhove.

Oxifi roltionl followfed by re"Ictiorf of the oxirfe With ni lovine gas IA C) 'C

'If Co rdoJ tf. e CI If) f Hfit~r -'Sfd ivative. Suiibseq uenilt hiy p)c h Iorte oxidation

go~' thl3-IfI- .1- -to-y tOb n icr Obt.7 ie- promlieted defch br-

Ilnat loll15 gave ethyl 3-nl itoc yf: obu taniewar, boxy late in 73% yield. Oxidativ ye

riitr-nition by the persu Ifate me thod proceeded in r:33-50% yield to give- ethyl

3 ,-d rtrfICycl h Lae ar boxy la te. Ester by iiolysis gave- the d in itro acid ini

S ~~93% VielId. I tex' riot Iv f, v , oxidativ e nitration and( :orcorfi toint. estf~ C h yd rol-

y sf was ;ieb ievtod ini 47%-5(;% yield in a orm-pot. process. [ni a prelimlinaryV

Cl fl 3 IXC c~b otonECarboy ieacid wAS prodUCeed, but. the use rf a large

(X('f:*s Of sod ium ni0tr %e avoided the formationl of. Ne f product.

17
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C- Cc If Ctt> (31 cc N1l.01 ('If (,'f Cli(3. F I . C'I., CI (Al1 Vf. Ft 1Xi

0 C - --ClIU liON-:C OW 2. 11(( I C3 (3 C 31

H,- CH2 -C-O. Ft CIL -GH 00: F'l

H -- - N02 -- - CII:

N0L NO,,

l'TVitfliOni t of' 3,3-dinitrocych hbu auiec :iI' i xy'lie mid with th lou y

chloride to give the acid chloride, followe d by reaction with Sodium a'zide&

A -S O~ider phbase, t ransle r con (I tiorislf andII tritl tireorel ysa ga±ve N- (3,3-

: dli ritruc(-y ( )i ktyl )tr-ifluor-o acet.Anlidi in 84% over-ll yield from din itre ye le-

iitaieareylic acid. IDphe(riylphjospheyl 'I~IVJe' 7 in alcohols, en thew other

hand, conive rted 3,3-dinii trocycti-bui tarioca ir' box yIN: acid (WDN 3-(3O2 II into

mijx to run, o.f th e (ii'baiaten, (ON B-N Il-CC) I?) ;id am ide (I )N B-NII-( 0-I N IS).

MetCianaol ic by'ci eec bleuic acid hiyd rolyz'ed N- (3 ,3-d iriitrtoc.,yclobu fyI) -

tr'iflomrAcetamride quantlitativel]y to 3,-iiit'eeeuyhi~tchydrochloride.

TFhe free amine was unstable, hot r'eaction of the salt with m-CPBA

l lowi ng the l)1OC(I ce- of Biorden 8'!~ j jillt iimpue11,-'itr;ylo t

.Nc)1 tl1iiiliii1t(i With in-c hl].oo rezoic acid. (Cr'ystallIi zation arid cli ioiiato-

-ap~hic tee iq ucs Weldn inelfte I ive iii (, u'eovlgal h (:1 clorobenzr ic acd.

Usne of nodlu hoiicbtar' burette as a N utfer inr the amine oxidation reae tiri

r'eniilte(d in (decomp ~osi tion.

%tg
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%~
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,W,: CII -(C02H SO, , CII' CII (()C I NaN (I11 CH CON

NO,- -C -CH.-'. NO., C (H NO., C Cl-b

NO: NO,, NO"

cli2"1 CH NCO CF 'c, H CI -CU -NHICOCI1A CU, -Ci-Nil C

NO - -C . . UCIL- NO --C- - CH: NO,: C -- -C'2

NO,, NO, NO,

CIL -CH -NO?

NO- -C- Ct:I

taplan-Shc Iite r oxidative nitration conditions used previously' with

,:3d i troc yclob uan led to decomposition of ll,3-trinitrocychoboLane.

0. P1he use of Sodium car bornate in place of sodium hydroxide in this reaction

gave the same res ul ts. Mothanolic tetranitromethane and sodium carbonate

or pho"sphato, in the pIesrice of excess sodium nitrite, gave recovered

trinitro compound. Starting material was decomposed after a four day

reaction period using sodium phosphate as a base.

Another approach to TNCB is based on the nitration 9 reaction of the

oxine of 3,3-dinitrocyclobutanone. Accordingly, 3,3-dinitrocyclobutylan ine

hydrochloride was acetylated with acetic anhydride (62%) and the amide was

treated with diniltrogen tetroxide. Theirmolytic nitrogen extrusion"0 from

the in.errnediat.e N-( 3,3-dinitrocyclobo tyl )-N-nitrosoacetamide afforded 3-

oae: tx y-1,1-dinitroe yelohutninc' (90%). Acetate hydrolysis gave the alcohol.

,3-Ace Lox y -I1,1 -(iiHit.roc ych ',tarie, was also prepared, in 20% yield, from
S..

3,3- irit ' )cyelobztyhIoiin hydroehlhride via direct diazatizationz" using

"*"" .. di mi nitrite in acetic acid. A by-prdW:Kict Was th al)Ch01 .

"$..%*'' I

%9
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NO,

(:W. -CH -NI13 'G] A(-. 0 OH: O NHiCOC11{3 N.:~ 0,' CL C CH NCOC H

N02 (>----CH,2 NO -- C- - C iI., NO,: -(C - - -(AI.,
NO-- NO.-- NO2,

LiCli,? -Cil- OA(- (II C Oil

NO, 1%'C --CI O: cACL,;

NO2  NO,,

A\ttemipts to oxiCIi'./e tis iS ilCohol to1 d,( i n i tr'ycbltrri re

ii flSUICCUOSSfu . peagoents empilyed inicluded P pyridiin i cfl oroc hroliat(eZ?,

cerr ic ammrrori~u niiiilraI- anid chromiic an ji yd i-jj2 3  
t'iri e 4 or ace

tonP25 as a ro-solverit. Oxidation of 3,3-diniitrtocyclohuitylaiiii( no ydy--chio--

idie was also investiga ed. No) reactLion Look p lace unde(I r standar id aiirio

oxidation conditiOTIX using Sodium tu rigs Wte2 '!, and roactions with N-

c h orosuccirii de, sodiumii h yp[oC-. horiole2 7 or N-rniethyl-4-foriray py ridi fl lUHI

benizenuosUlfonjate 2 h followed by base treatment were also ineffective.

Ano(ther approach t~o cyclobutane structures is to condense I ,3-dihalo

compounds with inalonate derivatives. Accordingly, the reported synthesis

C' of die thyl1 3-oxocyclootane- 1, -CIicarboxy late~c 9 wits rep~euted; cond(enisationI

of diethyl maloruate with I -b ronaio-3-chtloro--2-ber-tzyloxypr-opanet, (7 1%) was

fo)llowed by deberizylation and pyridiniumi chloi'och roinate oxidation (44%).

Oximination (73%) followed by chloronitr-ation cafforded diethyl 3-chloro-3-

ri tocybb Lae-1,1-dicaboy lte(74%). Reductlive ulech oIn~'fatjonf (70%) and

combined oxidative nitration and ester hydrolysis afforded :3,3-dinitrocyclo-

p ~~~1) u tarro-1I,1I-dica 'bCxy lic ac idI in 65% y ieldo.

'p.o

~4N
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11?( O IN CO CON- OCN NCo

C C C

A
CH2, CIL CIL, CH. (,H. CIL

.1-N02 NO2 NO.2 NO.- NOZ NO,-

Conversion of this diacid to the k etone by Cu rti us rearrangenlie n ,

followed by hydrolysis was contemplated. A thionyl chloride reaction failed

to give the acid chloride, and] Partial loss of niftro groups was observed.

Attempts to convert the diacid directly to the diacyl azide by the mixed

carboxylic-carbonic arnhydride method"0 were also uinsuiccessful.

Spiro Derivatives. The sy nthesis of comipounids with two or more

four-inembered joined with a spiro ring junction is expected to provide

improved explosive performance because of' addled ring straink. Another

1d vantage of joinod r'irigs is thAt h ydrogens removed by the ring junction

result in inucreased oxygen balance-.

In the preceding report', the synthesis of the model compound,

5,5),10, l0-tetrariitrod(iispiro[ 3.1.3.] ]d cairie fromr (lispir-ol3.1.3.1 ]decane-),1 0-

dione was described. The ketone was converted to its oxinie, which was

then redulced with sodium in liquid ammnroria to give the diamnine. Oxidation

-F . with m-chloroperbenizoic acid gave the 5,lO-dinitro derivative arid ferni-

cyanide--persulfate oxidative nitration gave 5,5,10,10C-tetriinitrodispiro-

* [3.1 .3. 1 decane (m p 180 (3).

I I. 4
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* At

: NOi NH2
Cll C CIL .I, Ci CI L.

/ \ /, \ Na \ / \ / M A
, Ct|2 C C C12 .----- > Cfl2  C C ClU2

112 C CIL' CIL CI CI
NOLI Nil?

NO (NO?
tLa CH ItU C I C C;tt

CH2 C C CH..-" CH C C CIja

CH2 CH CH2 CI2 C (.11,
NO)2  (NO 2 )

-uc -efr hc ytei

garfet com p1ou rids with this skeletal structure for which synthesis

1umikls are I'eadily (1ev ised rm- 2,2,5,5,8,8, 10, I O--)(wtanriterdispirol 3.1.3. 1 Idecan,

. -... an 2,8q-dilnitraza-{i,5, 10,1 O -tetrariitrodispiro:3. 1.3. 1 ]de(ane.

(NO? ). (NO ) 2.
CH2 C Cil CH2 C C H2

(N02 )2 C C C C (NO )2 NO2 N C C NNO2

CH C CHA CHl C Clh2
(N02 )2 (N02 )2

Dispiro compounds of this type are generally accessible by the

dimerization of keteries obtained by the reaction of acid chlorides with

a mi rpnes. Starting materials for this route, 3,3-dinitrocyclobutane carboxytic

acid arid l-nitro-3-(:rboxyaztidir 3 2 , were prepared earlier on this

program.

0
C Lt CH C C112

,"/ \ RaN / \/t\ / \

. NO. )C CH--COC I > (NO? )?C C ( C(N 2
-. \ /",, \ / \ /1\ /

G" H2 CI2_ C C112

12
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II e(,,2utse g&-e -d(i riit r( gi'ir() -~ w~ould r I io(t SI] rviv 0V c he OxirrIe t"eilIJ( iol

con ditions Ofil tyed( inth' 0 o10 e re0, ac I.ion, it, was shown riIhat (m imte

halogetiatiori r-on if can be ulsedI i Lis type of s t.ruir . Rvictiori of 5,10-

d loxiri nitod ispirol 3:. 1.,3. 1 Id(ecanie %vit.i c hlori ne orav(e the corresp~ond ing hi s-

ch lororritrowo dernivat ive following ni standard pirored ire. Aqueous sodijum

hypoc hiorite oxidation gave an isoiwirni mixtlure of 5), O-d ichloro-5, iD-

di nit rc)-(is pi roj,3. [.3. 1I decaries in near q nariti tative yield. Zinc nd uiced

reductive dec h on itnation gave5,tdntrdisiro3.1..1dca.

-NOH C I NO,? W:x
CH2 C ('11 GIH ,-C H GI GIL- CH l C GIL

C(H; C C CI, C---> IL C C CiH,---- CH2 C C GIL

C1I2 C GIL CH2 GCi GHL C112 C11 C112

NOII CI NO0; N0 2

3,3- D iritrou-yclob utLa ecar boxy Iic acid was c.onverted( to the acid

chloride usinag th ion yl chlior'ide. 'Phis ncid chloride, however, gave poiymireric

material under ketene dirrerization~ condjtion,31 and the tetranitro)dispirane

was niot obtained. Similar results were obtained using 1-nitro-3-carboxy-

azetidine1 2 as well as 3-chlor-o-3-nitrocyclo(buitaniecarboxylic acid chloride.

Since a high efficiency conversion of the model oxime to the gm

dinitro derivative was (.4emonstrated, the synthesis of2,8,.-troomi-

d ispiro! 3 '.3.1 idecaric was und]ertaken. :3-M(thyl(.,ri-cydobt!itiiec-iirb~ox3lic:

acid was ozonized to give 3-ox-cyclIobuitaneca- rhoxylic acid, which was

c-onverwted to 3-oxoc yc lob utanecar box ylic. ac id ch1loride ill 65% overall yield.

* . However, r'eac~tion of' this acid chloride with triethylami no afforded only

p)l ymter and riofetoodpirl31.:1 dcne

1:3

Sd%
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(J12 -CH-C0 2 H 1 . 0, (M.- _CH_ COC1 I/\/\/
i -- I-- - I / > -C C C 0O

GLC--CIL 2. S"'CL, 0-C--Cit2  ,3 IN/\

CII , C Ci

Subsequently, :3-rlyyydttnecfxi Acid9~ WaiS converted

to) thcu acid -Jiloidu andI( roaction wi l Ir i h ymm, n ffordod 2,8- his-

be myloy -,10-i oxd ipiol3.I 3.11de~,mein 4 1-48% yield. Red uctive

dobeizy lat.ioni did mdO occur '11t 20 OC kjndcI' time 11"111 h ydrogen!rolysis

('011( it.ionis ( 4 a I, i , I 'dI (011)2) , buI t, ;A L 50-53 'C A (I mirti tLati V e y i(I d f 2,8-

(Iilly d oXy--5, 10 -d H)xod 1u11 if'o(3. 1 .3. 1 jIde(3i11( was realized. HIowever, itlpt

to oxidize thi s dio) b-o tho keton _ ujf) ISing pyriinjjjr u n oh*a. 2  
tr

o)Xa y I chloride4 31 wereC unsuccessful.

3-Meth y Ione yeclot)u tarecar box ylie acid chiloride'3 was prepared from

the corresponding acid. In-situ ketenle generation and dixnerization afforded

2,8-dimethyle-ne-5, 10-dio3xodispiro[3. 1.3.1 Idec~are (50%) which, after ozonoly-

-- ;is-, gave the desired Letraketono (55%) Exhaustive oximlinationf gave

2,5,8, 10-tLe traoxiuui nod is piro[3.1.3. 11 deca te (56%). Attempts to reduce the

to traoxirme to the1 tetrnimine using sodium in ammnflCiia, 34 lithium al~uminumu

hydride3 15 or catalytic hydrogenation failed.

2,5),8,1 0-'I'etroxiiuiriodlispirol 3. 1.3. 1 I(iderme- was chiorconitrated to afford

an isomeric mixture of 258 0ttahoo258 -erntoiprf3 .. ]

dourue. Redluctive decli hn'irntion gave a 20% y ield of 2,5,8,] 0-tetrari1 rod i-

spi ro[ .3.1..3. 1 Idecane.

14j"



.,- NOH (C I1 NO.-.
'#"- ttz ('1tl" cI, ' t?

1-10N l N- C C C C: NOJl - NO' C I C C C (CI 1NO? - ;

4,,, CH- C C11; IfCt C Gil;,.

% NoH c I N 0'
.NO2,

._ .CH-, Cif CHf.

N02 NOCH C GCH(fN():

N02

B. Experimental

~Melting points are uncorrectoed, t,'leu,(rtal ainalysis was perfornied by

" Galbraith L~aboratories, Knoxville, TN. NMR spectr-a were recorded on a

h.%

.' .' Varian T-60 spectrometer. Infrared spec~tra we;re recorded with a Perrhin-

~Elmer 700 spectrometer.

'"13-Methylenecyclobutanecarboxylic Acid. The procedure of Cripps,

.'-. Williams and Sharkey 13 was modified as follows: A solution of 3-methylene-

- 1 y(-lobutanc--ar-bonitril(. (54.5 g, 0.585 reel) and sodium hydroxide (46.8 g,

-." 1.17 reel) in 225 nil, of water was refluxed for 20 h, and cooled to 15 *C.

*' " Saturate'd aqt-ous sodium chloride solution (200 nil,) was added and the

( ' Solution was acidified to pHlI with concentrated hydrochloric acid (125 mL).

- .u'The aqueous layer was extracted with ether (4 x 200 ml,) and the organic

-... "phases were combined, drie (MgSO4) and concentrated. Distillation

• .. through a 4 inch Vigreux-shortpath afforded 0;.0 g (96%) of 3-methylene-

'-': cyc)obu ta necar boxy lir acid: bp 79-80 *C(0.4 mmi). (lit13 bp19C(2

cyh bp 119 'CL (26

l ?O.- (CthC N O) 3000, 1750, 1700, 1405, 1200 cra - -
.

"" Fthyl 3-Methylenecyclobutanecarboxylate. The procedure of Gjewski

-i" nd Hurka'6 was modified as follows: A solution of 3-methyleniecyclobutane-

CH2 C CI ,U, C* I•

, ,.15
*0 ,6.,.'

N" C%,"

A le &n6:0L
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c.arboxylic, aid (159-0 IAN 1.41 [11)) and (.oft(.,(, 1 tralted Sulfuric ac-id (0.61 g,

G. I mmiiol ) in 70() Ili I. of' I:I a bso It Ateot etiaiol- he i ze nc wa.-i rer ItAxe d fo)1 24 11

arid concentrated by d istillationi through a [2 "V igrux col umn. Vt.hu r (.900

fnil) wns add(ed arid the org-allice Phase was-ie~d Wi lb) I M ;Iq uous s'di url

car'bonlate Solutioni (1[0) ill). T1'he aqueous phase was, oxt'ac ted w itLii efer

and( t ho comned i rg(1t)miiiC I1le's i I( ii id ( ML S0 4) an rd coric :0ri trated.

IDis Lilit-ioii of the rusidue-w from a large flask (500 In I, fopa-iiirg!) Lthrough a

G"' Vacuum11 J;A k e 'ted V igre oIx colunlira gave 188 9 (94%) of ethyl 3- iiith y Iciie

~c obetarecrboylae:bp 78-79 'C (26 oni). fi arnd NMR were in accord

withl p. IitisAy puJblished( dataA6.

*Ethyl 3-Oxoicyclobutanecarboxylate. Ovzone generfate(d with a Welsbach

(izoriator (T-23) was passed through a solution of ethyl 3-rnethyl(~ee\cyc

butariecar-box yb t e (100 g, 0.714 niol ) in iO00 ml, of mnethm-iol tintji li(, h bi

Color of dissolved ozone persisted ira. 7 h req,.ired). Dirnethy! sulfide (101)

in I) was adde.d slowlIy iind the d ry ice NhL wns allowed to warmi g rodmil y

to room temporature. The organic phase was stirred ovr'night and con-

cen tyiated. Moth ylerie rfilor'ide (6(00 Tilt,) was aidded and the mixture was

watshnd with mae (4x20m) did(gO) concentrated land distilled

lb r'ol gh n 1" V ig ro-x t~o afrford 91.7 g (90%) of ethyl 3-oxoc.yc lobu ta riecr-,A,

h)x y lab.t b p 68-70 *C (.5 mm); lit,13 b)p 90 'C (2 mnm ); IP (C H2Cl2) 3030,

179, 73( c-1; Ili NMII? (CoD3 ) 6 1.33 (t., 3 11, J z7 Hz,-OCICh,

3.33 (hr S, F) 11, -M1t 2 -), 4.18 (q, 2 [H, J 7 Hz, -OCII2CI)

Ethyl 3-Chloro-3- nitrocyclobutanecarboxylate. A slow s treamn o>f

cii lor'i rm. gas wais I ib bled in to a stirred solo Lion of ethyl 3-oximi nocyclo-

hiuktariecar-hoxylato (8.00 g, 50.9 mitiol) in 50 nill, of mjethYlerie chloride at. 0

C mi( ' nil t(h initially blue solution becamye groerrish. Kxcr-is chlorine arid

N %, N -. r!



solvent wvere removed by tL;Ar'y evaporatiori arid theni 100 ml, of' briee,0

)0 T11 il., J pH! 10.5 b)leac~h (5.0% sodlium bypFochi()rite) and tetralbutl -

arumIIoF~ni hydrogerl sulfate (5.0 g, 15 mmnol ) were addod. TPhe resulting

two-phase mnixtlu re wits stirredl b)riskl1y Whle it was cooled III a 1 0 "C bath.

After- 1 h, the phases were separ'ated arid the aqueous11 layer extracted with

ether (2x 50i 1 and tecombined organic layers were washedI with

saturated sodium chloride solution, dried (MgS04) and concentrated,

D)istillation afforded 9.115 g (89%) of etAh y I3-c h lor-o-.i-ritrocye.Iobuitr-I

carboxylate as a mixture of isomers: bp 72-74 oC(0.3 mim); IR (CH2CIZ

Pound:C, 4050; 1, 5.41; Cl,174;N6.2

A larger run conducted with .110 g (0.700 moJ) of ethyl 3-oxinjino-

c y lob uL itancarvboxy late and chlorine gas in 1 1, of methylene chloride

followed by nitroso oxidation using 2 1, of 5% bleach and 78 g of tetra-

huitylammnoniurn hydrogen sulfate in 1 1, of berizene afforded 124 g (86%) of

eth yl 3--c hilor'o-3-nitroc-yclobujta-nec-arborxylate(. after workup and distillation:

Ethyl 3- Nitroc yclobu tanecar boxy late. To a solution of ethyl 3-chioro-

* 3-itreycobu~incaroxyate(5.00 g, 24 nimol.) in 100 ml, of tetrahydro-

furari was added a solution of hydroxylaimie hiyd rochloride (1.80 g ,25

111nruol1) ill 15 nil, of water. Zinic dust (2.00 g, 30.6 inmol) was added

* ,portioriw ise, wi th st irri ng over a 10 mmi period at 25 *C. A cooling bath

Was LI;qed. After- 1 1), 100 nil of water was added and the mnixture extracted

twice ' ' ith ethem'. The cormbined organic layer's were washed with saturated

%0
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distillation a-ffoi'ded :3.38 g (80/.) of ethYl 3--ru troy oi aecarrhux1)XVak-

Al aIIti~ -;mllpl 01)1)1 ohll ic by diM [1115 ing I i of* tH I(' uiW

* 10 rn). of ire (-old M.i aqu3eou3s sodiumii hyiYxi33)X , soliit.I01. Afteti Ow utiixtivcI

woI stil-red vigor'oiislx' for' I hi, it wals cxht Ict-cd "Ait h iirIh ctI( hJim-(b 13

x 10 Ink), arid then (,ar'efulty acidified to pH with t(-tia Pe 'I Ai~

The0 product was ( xtx'flt.CC with- uII(th'le l cCj (hlC)-i'je( (2 ' 0 [Il.) ;II] I hu

(')r1)birned ()r'gafli(' pha-43'5 wa ~shed with NI M iqueoio, ,~iodmill urSnt

dr'icd (Mg'SUI) arid (concrlnrated, 'and tile I'esidie was) d1istitlled to give 'ill

iSOIIIiri MriI11,( 01 Ofethyl b-lt'(vI~Itl~(1'1xi1(:tp 8,1-87 '

uu; I? (C'11 2 ('1 2 ) 3050, 1735, 1~b 'r' Ill NMI? (CD)(lel) 5 I.?,-.) 3 It

47 1-z), 2,80 (in, :3 M, :3.05 (in, 2 11), 4.0'5 (q, 2 It, J 2 7 Htz), 1.85 (1'

Anal ('l(( *j 7hN 4 ,4 .5 1,G O ,80 . F ul:C P.7

% 11, 5.88; N, 7.41.

Ethyl 3,3- Din itroc yclobuta necarboxylate. A solution of p)otassiumii

-) hr i to f, (4I. 4g,'0.8 inmol ) irl 50 in[, of tetra h yd rofuzran anid 25 inl of

01hat1i1ol was stir rucd at 25 '( for' F5 mnin bc-forec ethyl3n t),cl]ut~ n-

S crhxylte(5.66l g, T2.6 inol) was aldedA (it'opwise. A 20 'C, water' hathi

'-'.4"-i lj!)5 I~ud to rrirou, i''ti 11o ri-tictiori tCI1 1 0 'ati- 1I'( . After- 5 miyr, a soIxitioIi of'

sodiumrr Iititr'o (22.3 g, 0.41 inot) inl 5) 110, ot water' was added followed

I 11lf~i'iiit/ IV bY .1 soli ofli of soiiii piisidfate ( 18.6 ig, 78.1 ritiriol) 'iiicd

IM(taJj:, iii fetvc~rif (5.70 v, 17.3 inoiil) in 100 Yt, of' wter'. After, I Ie(

4 ~~-oiltionl was tit'; for' I h~, it wits exthract.(A with ether' (3 x 50 Inkl ), iinid

t~fn errIlbirled or-gatrie 1:Iytur wo'ie wa.,b':ul Wit'll s tu'it, odiliii chfl-in'iie

V W.
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-"M~~t()1,dr'ied ( S0)arid coricenti-ated. Short-path distillitioli aIffor-ded

31.8 7 g (541%) of t hyl ,-irir ylbta iyle:bp 1 00-1(1i "C (0.2

1111); 11? (112C12) 3050, 1735, 1560, 1335 cim' II1 NMI? (01)DC3 1 .35 tI

H1, J ::7 Hz), 3.37 (br s, 5 H), 4.15 (q, 2 It, J 7 liz). Ali ;inalytiea

snhlirie Wis obtained by di st illi tior, I hioug a 4'' V igx-eux eelurn k ) g iv \'C

fr~ie tiori boiling~ at 102 00 (0.2 miii).

Anal. C AXI for, C-, I fuN,-Ot: C, :38.54; 11, 4.62 ; N, 12.84. Fould : C,

38.52; 1H, .1.83; N, 12.17.

3,3-Dinitrocyclobutainecairboxylic- Acid. A solutlion of ethyl 3,3-din i Ir-

evlo)It~miarbovlte(1.10 g, 5.04 11nn1ol) 11rid sodilumi hydr-Oxide (0.31 g,7.

ilmlu16 list ()f (41,iriel ailid I Till, of watei '6was r'efliixed for- I h, cool(d

he 5 '(-' 7tnd acidified with 10% aqueous hydr'od(-lot'ic acid. 'Ihe( COlihilied

tL~ii( aeis .Vr( 'x Led't( with other (3C 2 iLwse with si-tira-

e (I so'd iurn chlovide. ,solutiOri, dr'ied (MgSO4) and( cronitr'ated to .fiv(- 0.89 g

(T.1/) ()f ( rysilhn solid. PecrYstalliution [t-oin cther-h-cxaries aifforded arn

;llytir-,nI samplo: nip 96-197 'C; IR (CH2C12) 3050, 1710, 1560 cm-'; IH NMR

(('W'k1) c 3.43 (hr s, 5 1-), 10.2 (s, 1 H, 1D20 exch.).

-Anal. (';ila!] for (',%11(;N20 6: C, 31.59; 11, :3.18; N, 14.73. Pound: C,31.52;

11, 3-13; N, 14. 12.

* 3,- lirit rryrobuaricaroxyir'ncini was alopiepilred fromt ethyl 3-

I'ti tto(yclobiitriccar'btxylate. A 3 0 solutiol of soditint hydroxide (0.60 g

15 Tt11101) ;1rid ethyl -rirclourmahxyte(1.00 g, 5.77 minol) inl 12

0 ~ ~ ~ ~ i nio : ae-ti .t r;xiy d rofu ran was stir-r-ed bi' is kly for, 30 Iliin be for'e(

% -'-OliiJ riitr-ite, (2.0 1,, 29 niriol) wOjs added. Aftei, 5 min, this soluition was

N. N poll t'ed inrito a fli('lly pie 1)alled solutLion of sodium por-sul fate (3.3(0 g, 1 3.8

;iil rid puCisiii ferrcyairi (1.00 g,3.0-1 iiil) in 25 iril, of wter- rit

% % .0 % 1
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1i d d ed (50 ml.) an su IitIffic ioiit, i cu-col iIIY I nir 1 lo I, : c.( id (6 M ) L iivc 1 1)1

H111 t i iI. 1~ tthasum We e S p'I(' l~I U AI I rld I h(' 8 I wow'i phi:u et,' ~vI!;

x t I-awte d w i t f ~ I .Im bhvIo h c oif 11( -61 2 2 25 11I1 ,). 'he uoilli ) n d I-o~ tI

and c lut~it, 1-:1 hd I Affoird 0.A87 ti, of soiiii-ci'y.-Iallitie wolid Two( ticiturt-

tL)ioS wVithj :1)IM hxrilc/Iwth 111yh'-1in (lhhwido ;IffiY,:d 0.6?2 1 (56z) of -d

hr--me' "ifiiO ft-id(( anf mi ytiil -;;mjplcI: ril 9i6-97' 1(1I? (Ci11CI)z) 3050,

I i110, 156(1 rriiI 111 NMl? ( C b) 3.3 hr s , 5. 11) 10.-2 , 11, 1)2()

Anal (td I' C ,llhN-,U: C, 31 .59; 11, 3.18S; N , 1H.73. FounI d: C,

3 1.52; 11, 3.13; N, 14.12.

Ethyl N-(3,3-Dinitrocyclobuityl)car-bamate and N- (3,3-Dinitrocyclobutyl )-

3 ,3 - d in it r oc yclob uta ne c ar boxa m ide. A solution of 23dntoylbtin-1

cdil)( )xVlic, ac id, (0.50 g, 2.63 inmol) , triet.h ylainir ic (0.280 g, 2.77 rnmol) ,-ttd

diT hen ~viphV sphor yl Iaz ide (0.76;0 g, 2.76 in id ) in 5 ri I of (Iir)xatii cotita ini ng

abshis lte (Itha riol (0.20 q, 4.3 nunol) was rufi rixecl for- 20 li. The soluition was

ihut (Id withf ethfet' arid was~hed with1 di1llte ceO-cold hydr-ochlor01ic acid

*~O uo ut. ioni. Th ' paatd quou phase was extracted %vith ofther (2 x 20

mil,) antI I hc rfsiriihiiod org~i phascs werec wished with 1 M sodiuni

carbonavte solution, dif'i"d ( Mg '111H turd coetr-ated tk ive a ,iolid.

6 ~'b cit ir"Iijn twice- with 1:1 hcxarie-e-tlrer' affwoild 100 Inig (2:1%) of N-(3,2"-

I I Irif cvc I b I ItI), y I driTi t'() e-,or, I tar10(:rhC; AIb0X'IIIii(I C: rap1 236-2:37 C;IN?

* (l'bIHv) TI20, if655, 15(, 130.0, 12170 (-111-; 111 NMI'(,aoon)434 (hr- s,

20
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- ~~~~~~ ~ ~ I r .. r .p n- --- nf r , rrrC .- . - .2-

hr s, I It, NIl).

Arial. Cird ir(liNU ,3.' ,'W;N,21.0:?. luI)i(Id:

32.35; H1, 3.91; N, 20.96.

'hit:, a'bove ltri;w(re, rmictritr~ted tU, af'wid (1.39 f(4jC th

(,3 -(1i(I it toCvbIA)uty I)(-A rbaiate. An arialytia1 sinpilo~i wits ohltajrled Ihy

v \c, slillix/atio rom fi(iliiifei'-1exaii(os: lit 86-8- c;I6 C1' 2  3650, 3.500,

020, .78,0, 1560, 1420, 13,30 (al-
1 ; III NMHi 6CWli 1.35 (t, 8if, 3j 7

ilk-, ('b) 3.38 (11, 4 H1, -('12-), 4.-10 (q, 2 1-, J 7 liz, - u -, 4.12 (ni, I

A Ari; !. C:a IC i f'01 ('7 1111N 106: C, 3G.O06; 11, '4.76G; N, 18.02. FoundI (: C,

. 77; 11, 4.68; N, 17.75.

N-(3,3-Dirlitroc yclobutyl)trifltuoroac-etamide-. A solution of 3,3-dijiitro--

V"cloil tane-) -carboxOic a~~cid (0M00 r, 52.G inrn ii) inr 30 mnL, of thioiy l

chluride was, s th ired atL rooril teiri peahore For 24 h before the exc:ess thfiori y

chtoride was renioved by rotary evaporation. Met.hylene c~hloride (100 in I)

was introd uced, 'lit solution was cooled to 0 'C and( tetrabo tylammnu m

r:bu-ide(1 0 ng 0.54 iniol ) arid a solution of sodium azide (4.50 g, 69.2

iiiol ) inr 1 5 nil, of' wate r were ad ded. 'Ihe two-phase mi xture was stir red

* birisklyv for 3 hi at, 'C) Oite phases were separntedc arnd the organic layer

,Ws W(ashed'( with wa tcr (2 x 25 inkl) ardiwd (MgS1.)0 III(1 2 l2  rd-

cahbot bands at. 2190, 1715, 1565, P'120, 160 arid 1340 cn-' For the ;ACYlI

i ;z I Ie The solutionr w;as filtecred and influixeil for, 18 h after additionri (f

tifllunroai-et ic acid 0(8.) g, 70 inniol). The coolehd riixtiirn was washed with

icn!-ii)Ij I Ml sodjiriri hicnirhorimte soltin (25 inkl), uiriod (k 198 4 ) arid

i-o)riieri-trateod to afford at Yellow solid. Ether wasi added (00 mfnl.) arnd the

J,1



Mixture( filtere'fd 11,101V L iiiil iiiilt of(J u-iioud imipurity. T[iw

fi It -,t.e %v s corYI I-cIItra t d lo I fl'o(r (I I. o~% 01 '4(,-iii iiI~

b iityl) trifluoroac ar.,;ii d: nil) 82-84 ";TIC( (octhei ml 0. 10; 11? (C 1222

34180, 3100, 17, 1i0 13, 1220, 1 170 cmi~ I ~ (l&')635 u,'

H1, -[2-), 4.52 (mi, 1 11), 7.0 (hr s, 1 11, Nil).

Anal. (2alcd for)' C,61H6F 3 N3O5 : C, 28.03; 11, 2.35 N, 1M.34; 1., 22.16.

Found: (C, 28,01; H, 2.86; N, 16.38; F", 22.14.

3,3-Dinitrocyclobutylamine Hydrochloride. 'To a solutLion of N- (8',3-

dinitr(cyclIobutyl ) trifluoroaetaniiiide (11.3 g, 44.0 mmIIo) in 200 ruL of

mc i hanol W,-s ad (10( 20 mfl, of 12 M h y(1ioih Ioric: acid. Th1.e sol ulori WasH

refi uxeo o'c rig ht. a rid volati los were rernove(] 1xi rig a rotar-y eNapo0rator.

Tw o e thr 1, o x ntrat lis a [fordod 8.701 ('100%) or '3,3-dh iiitrtocycIobutty Iai iinc.

hydrochloride: miap 21 5-2 17 'C (doconip); 1k ( [ffr-) 3000, 1560, 1345 cm-'; 'H

-~ NMI d-MO(D21)636 i',5I,-l 2 ) 8.501 (hr' s, 3 11, Nl)

Aria]. ChJcd or(hN 3 l.:C, 24.3?; 11, 4o-C18%'0:.08; N, 21.27; C1, 17.94.

N" Fou nd: C, 24.70; 11, 4.26; N, 21.31; Cl, 17.56.

N-( 3 , 3 -Diniitrocyclobiutyl)acetamide. A mixture of 3,3-dinitror yclo-

bu ty lamino hydrochloride (0.50 g, 2.53 nirnol) , anhiyd rous sodium acetate (0.25

g, 3.0 nimiol) and I ml,. of ucetic anhiydridi' iii 5 mnl, of glacial acetic, acid

* was x Lii n-i for,'e24 h at room t-11OIma-oALT-u n. '[Ie SOl~ti WAS pou rod itiLo

w:11jie rd Itl Iclhylelie chIioric tho plirixes soparated anid tho 0i'gaic, layer

- . ~WAx hod- S LIICCOSSI l y with water ()0 in ) and I MI s0(1 joi car botlrit,(2 20

i I) dr1ied ( Mig04 ) and conicenrtrated to afford 0.32 g (62%) of' N- (3,3 -

d 3 I I i iToe y cI o 1) 1 tvI) wek i ii d . Two trjt~uratlioi vvit~h cold ether afforded Liii

aiI' icil smriple: nip 115-1 16 C;TLC (uthem) 1?f 0.3?; 11? (ClIC1) 301

22
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680, 1560, 1305 eric'; III NMI? (CI)CL~-ie, lwoforw-) 1.9Z is, :1 1J), 3.4) (Ow

(1, 4 11), '1.40 (pett, 1 11), 7.409 (hr s, NH-).

Anal. Onied for CGI19)N:iO5: C, :35.17; 1i, 14;N 0b~~ur:C 3.5

11, 4.59; N, 210.16.

N- (3,3-Dinitrocyclobutyl)-N-riitrosoaetarniide. Uiridier frgori, a solo tint,

of dinitroger'1 tcetcioxide (0.52 g, 5.(; ittijni) it) 10 111t. of itiethylorke c;hloride-

* . ~~wi Is chilled to) -70("( ulsing a diry ire bathb. A ri Ii v drot is sod1im a:cet;Ate (0.93

r11.3 11riiol ) Was added portion w ise . vih mix ture WAS warmod to 0 'C' by

rcipbs i rg t he dry ice! bathb wiftb an ico--wa N' r bh Landr N- (3,3-d iui t.rocycIn-

biitYIlacotamide (0.76 q, :3.7 mmol) was .idded. Th1e soltiorI was stirred fomr

O 2() mini ard then) pouteod oiih, ice (1nd water. '['he( a'juieois lllye i' wws

extracted with cold mceth ylotic chloride- (3 x 25 in I,), an ci the organ ic phase".

1were'C dr'ied (MgSO4) 'Ind corce tted. 't ro'euitirlg y clow soi 13 L)

was triturated twico with hoxance andJ diod in varu it to give N- (3,3-d inritro-

eveohuyl-N-iitosaceanide(0.81 g,93 11: np 86 *C (derworp); I I?

'112 C12 ) 1740, 1575, 150lia';' NMI? (CoDd 3 ) 82.70 (s, 3 1J). :3.40 (111,

4 11), 5.18 (dJ, I Hj).

Anal. Ciulcd for (d1 8N40G: C, :31.04, H1, :3.47; N, 21.3. l'urtd: C

:31.18; Hi, :3.39; N, 23.65.

- , l-Dinitro-3-ac-etoxycyclobutnne. A soluition ()f N-- (3,3 - di ri i t'oi: do-

b t 1 --ii Iosac Nrnde(0.78 *g, :3.36 mnmol ) in 50 ml, of hexantes was

refi nxed for 22 11, fd ote1,(ried an d concenitrated to give 0.62 fg (90%) o)1

6~ ~ 1,1 -(iiI'-3al~xcylbte 2u (CCI) 17410, 1 5(6f c.- . Ii NMiR

-(0Wl 51- 2.0 U,3 11), 3.40 (1ii, 4 HI), 5.0 (penit, 1 11, .1 T liz).

Dieth yl 3-Chloro-3-nitrocyclobutne--1,1-dicartboxy late. 'To a 0 C0

j rou i of d i th yl1 3 -o x itii tocy cloht)t- I , 1,i IId icarIh. o xyIatLo (2 2.8 g, 9. 5
1,

N
.42:1
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mrol) in 150 ml, of miiithylene chhi'idv was added chlorine gas urtil a

persistent dark .vr'eeri coloration was ob-;(,rwved . '['he sot lutior w s cori--

centrated on a rotary evaporator and 200 mL. of berlzetio, tbetrabutyl-

arumonium hydrogen sulfate (10.0 g, 29 retool) and 300 ml. of bleach (5.2%

sodium hypochaorite) were added successively. A cooling bath was used to

-"oderat, the slightly (xothoii i ('ac lion. Al'ltci the two phase, solo li n

was stirred briskly for 2 h, the soparated :iq In cOii s layer was extract,(,d with

other (2 x 100 ml,) amid the combirid orgaric layers washed with saturated

sodium chloride solution, dried (MgS04) arid cornce'ntrated. Distillation gave

20.8 g (75%) of diethy] 3- hloro-3-ritrocyeloiutane-1,1-(hear boxyhate: hp

105-110 0C0 (0.2 mm); TI? (0H(1012) 3650, 3080, 3030, 1725, 1560 cm -'; 1H

NMI? (C1)Ch) c 1.35 (1, 6 H, . 7 Ilz), 3.4(0 (AB (uartet, 4 11), 4.35 (q, . z

7 Hz).

Anal. Calcd for CIolth4CINO6: C, 42.95; 11, 5.05; N, 5.00; CI, 12.67.

PFoerid: C, 43.13; 11, 5.15; N, 4.32; Cl, 11.89.

3,3-Dinitrocyclobutane-1,1-dicarboxylic Acid. Hydroxylamirie hyd ro-

chloride (5.60 g, 82 mmol) was added to a solution of diethyl 3-chloro-3-

t nitrocyclobutarie- I, I-dicarboxylate (20.8 g, 74.4 imol) in 200 nil, of tetra-

-.hydrofurati and 50 mi, of water. Zinc powder (6.30 g, 96.3 nmol) was then

added portionwise, with cooling nid stirring, over a 20 n, in period, ard

stirring was continued for I h. The mixture was diluted with water (200

imL) and extracted with ether (3 x 100 rnl,). The couibin, d organic layers

0'" we r'e washed with stt urated sodium chloride solution, dried (MgSO4) mn d

rot""('.ritrated. The residue was distilled to atfoi'd 14.2 g (78%) of dielhyl 3-

-or itroeye:hobitane-,l -dicar boxy late: bp 110 "C (0.1 MRI); IR(CFl12C) 1730,

24



15,10 cm-1,' I MMtNlt' (' t) 6 1.25 (t, G 11, J 7 11z); 3.20 (d, 4 11, J 7

liz), '1.35 (cl, 4 1H, J 7 Hiz), 5.05 (penAt, 1 11, .J 7 Iz).

The ab)ove riit,r(Idicstet' (11.2 , g, 57.9 11iiiiol) was added 11o a solutiori of

soiuml hydroxide (9.50 g, 0.237 miot) ini 240) nil, of 3:1 )~ rttrhdrfia

cooled to 0 'C. Briisk stirirxng wats hit tmiiedl unil a liIriOMO(,OU neon s sot l

-was obtained (20 min). Sodium niitr-ite (35 g, 0.51 niot) was added arnd

st im-i rig conti inued for- 10 min. 'The soin tio) Was pon red inito a fl-eshidy

preopar-ed solution of sodi umi persulfatc (35 q, 0. 147 muol) , p3obissium~ fey-H'cya-

rii d (9.50 g, 28.8 nimzot ) arid sodlium in ar-bouiatec mrorioh yd rate (7.0 g, 56.4

in ot) in 175 mnl of water . Aftonr the solution was stir-red for- I ki at 22-25

* "C' it I w: ec:Ici di fed to pit 2 with c-old 6 M aqueons hiydiroch br ide acid.

'The aqueous layer. was exti-ac ted with mnoth y tezi chitride (3 x 100 il,).

TPhu, co1i ied ol-raic Diver-s were waishled with salturateod sod iumi chloide

solution, (3diiod (MgS04) anid conceni-ated arid tritur-ated with hexaric to

*.affor-d 7.06 g (52%) of 3,3-diiriitr'.cycIobtAt ne,-I, 1-dic-aiboxylie. acid: nip 179-

180 'C (docomp); IRl (K{1r) 3050, 1710, 1580, 1.375, 1280, 1140 cm- 1 ; iH NMfl

(df,-wvrSo/CDCta) 6 3.55 (s, 4 1-), 8.60 (bi- s, I Fl, COjl).

Anal. Catcd 1 or C6116N 2 0,q: C, 30.78; H, 2.58; N, 11.96. Found: C

M I.05; it, 2.86; N, 10.92.

*Ethyl 3 -flydroxycyclobutane-1-carbcoxylate. To ;t 00' Solution of

ethy :30X0 vc~b tan- 1-aroxyate(24.8 g, 0.175 rnoi) in 175 ml, ol.hallol,

mai rit~a ini- sif 0-," 'T, was added dropwise it s;oliioil of sodili111 borotiy diride

0(2.31l f, 87.5 Min t1 ) itl 25 in 1. of ethatioI. AtH Tot :30 11l, gflaci;al aetfic' alCi (1

w:lId(e(t .1 ?')pW'-a' i lit ili ( XCOss Ii Ydtl'idc( %A11s (iecoiiripot(I. wNatey' (25(0

-. Ink,) was added ann] hW so)lutionl e!xfi'l(ieted with inethyleneo chlor-ide (3 x 125

* in 1,). 'the corrihined ovaric laer wr wahed Iv ith I Msoim ic -

25
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b-rr;It,c solution, (10() HIL), dihied (MgS04) and C nC(M IItrated. Short-path

distillation at reduced pressure afforded 19.5 g (77%) of ethyl 3-hydroxy-

"c clobutane- I -ca rboxylate: bp 94-98 0C (2 rnm). (Lit' ,29 bp 130-135 0C (20

mm)); IR (C112012) :3650, 3530, 3010, 1720 cm - .

Ethyl 3-Bromocyclobutane-1-carboxylate. To a stirred solution of ethyl

3-hydroxycyclobutariecarboxylate (5.00 g, 34.7 mmol) and triethylamine (7.0

g, 69 innmol) in 50 ml, of inethylene chloride was added, dr'opwise, methane-

sulfonyl chloride (7.5 g, 65 retool) while the temperature was maintained at

-20 'C to -15 'C. The stirred suspension was allowed t.o warm to room

temperature over a one hour period. The mixture was washed with cold

O dilute aqueous hydrochloric acid and 1 M aqueous sodium bicarbonate. The

solution was dried (MgSO4) and concentrated. Anhydrous lithium bromide

(6.9 gt, 80 rriol) arid arhydrou, acetone (25 mL) wer added and the

mixtutire was refluxed for 48 11. The cooled mixture was diluted with ether

5( n i,) and washed with I M sodium bicarborm te solution, dried (MgSO4 )

and comentrated. Short-path distillation afforded 6.25 g (87%) of ethyl 3-

1)rcoerv yelobota rm;r:a r'hox y tl+l hp 54-56 'C (0.6 rinil). 9

Ethyl Bicyclo[ 1.1.0]butane-I-carboxylate. A suspersion of G0% sodium

hy de (5.40 g 0.1.35 mole), t--hu tyh'atec hol (3-4 ing), t-butyl alcohol (0.36

M, 1. retool) irel (ethyl :-roey)ylrmjtmn---carboxylale (20 g, 96.6 minol)

9.. in, 175 in1, of anhydrous ether was protected from light, and stirred for' 4

(-1.,y5 uridm ,r ar argon TtOlils pli ,'. The solufior was filter'ed ari(d cor .elnrat.-

O. ,,'1 :1t. 2 "(, ar d th r'o.idle was di:itilled to afford 10.1 g (85%) of ethyl

ti, ,(:l 1 It .0 )ll1, hii, - --c - 'lio yllt,: bp 15 "( 1I null). 'Tl', M!? and NMl were

" "a. r'po r.t'. d.' The prodi t, ,;)v be stored indef'initely at -78 "C, under

%"
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argon, in the presence of trace t-butyc;itechol. A run coid ucted witL 104

g of broioester afforded 54.0 g (85%) of ethyl hicyclohutarecarboxylate.

Ethyl 1,3-Dinitrocyclobutane-1-carboxylate. A solution of ethyl

bicyclo[1.l.0]butane-l--carboxylate 9 (2.47 g, 19.6 ninmol) in 35 ml, of anhyd-

rous ether was chilled to -20 °C and 6.4 mil, (22 rietol) of a solution of

dinitrogen tetroxide (3.11 g, 33.8 mmol) in 10 ml, of ether was added

dropwise. The re.sultiirg yellow-green solution was stirr'd for 10 Iil ii at -20

'C and 25 mIl, of absolute ethanol was added. Tlhe mixture allowed to warm

to momi temiperfatir' overnight. Solvent was removed and t.ho residue was

l chromatographed on silica gel (30 g) using 3:1 hexane-ether to afford 1.73 g

(40%) of ethyl 1,J'-(liri trocyClobutane-l-carhoxyl ite as a uixtur; of isomers.

One of these isomers could be crystallized fron the imixture using ether-

hexane. This white solid (0.30 g, 7%) had Rf = 0.20 (2:1 hexane- ether); nip

87-89 *C; [R (Cf[ 2012) 1750, 1550, 1370 cm-'; '11 NMR (CDCha) S 1.33 (t, 3

II, J 7 liz), 3.42 (m, 4 11, -ell2-), 4.27 (q, 2 II, J = 7 liz), 4.93 (f, 1 Hl,

-CHNO2).

Anal. Calcd for C7HoN2O6: C, 38.54; 4.62; N, 12.84. Found: C, 38.39;

1I, 4.99; N, 12.63.

Methyl 1,3-Dinitrocyclobutane-1-carboxylate. To a solution of methyl

* bicyclol.1.Olbutano-1-carboxylate (16.5 g, 0.147 mol) in 300 mL of anhyd-

rous ether at -20 "C was added dropwise a solution of dinitrogen tetroxide

(15.0 g, 0.1.6 reol) in 50 nil, of cold (-30 *C) other. A dry-ice acetone bath

wiis used to maintain the solution tenip between -20 'C and -15 'C. After

an additional 10 min at -20 "C, methanol (50 mL) was added and the

r-,,:tion allowed to warm ito room temperature overnight. Solvent was
*.

evaporated and the residue was chromatographed (100 g of silica gel, 3:1

27
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-','.', hexane ether) to afford 5.10 g (17%) of methy 1,3-d iitroyr:ltobutlri- -

(arboxylate as a mixture of isoilji'rs. Ono ol1 tI osi isoitiers was (ol) tiiltd ill

crystalline form from ether-hexane: mp 38-40 *0; ''LC (2:1 hexarie-ether) Rt

"., 0.24 ; IR (tl'0I) 1750, 1550, 1365 (:m,-'; Ill NMI? (()C13) 6 3.56 (d, 2 J,

J = 7 Hz, -CH-), 3.60 (d, 2 H, J = 2 ltz, -(,12-), 3.96 (s, 3 11, C02C113),

5.03 (d pent, I H, J 7 2 Hz, -CtINO).

Anal. CaRcJ for' C61HsN206: C, 35.; 1t, 3.95; N, 113.72. Found: C, 35.;3;

11, 4.01; N, 13.39.

1,1,3,3-Tetranitrocyclobutane. To a stirred solution of ethyl 1,3-di-

nitrocyclobutane-l-carboxylate in 100 niL of water and 40 mL of tetra-

* hydrofuran at 0 0C was added sodium hydroxide (2.70 g, 67.5 retool). After

15 miin, sodium nitrite (7.7 g, 0.11 mol) was added arid stirring was con-

tinued ror" an additional 5 rain period. Ether (100 ml) and a solution of

silver nitrate (19.0 g, 0.112 mol) in 100 ml, of water were added and the

resulting mixture was stirred briskly for I h at 0 *C. The ice bath was.

removed and stirring was continued an additional 2 h. Aqueous saturated

sodium chloride (50 ml,) was added, the suspension filtered and the aqueous* 4.
-,., layer extracted with ether (3 x 50 ml.). The combined organic layers were

washed with saturated sodium chloride solution, dried (MgS04) and concen-

* trated to give a semi-solid. Trituration with ether-hexanes and washing

with cold anhydrous ether afforded 0.61 g (11%) of 1,1,3,3-tetranitrocyclo-

butane: nip 165-166 *C. The filtrates were combined and concentrated.

0 "Re(petition of the trituration procedures afforded nn additional 0.53 g (10%)

o of product: mp 164-1.65 'C. IR (('112C]2) 3000, 1595, 1400, 1365, 1330 cm-';

- - 'l NMR (r -acetone) 4.73 (s).
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Anal. Cal d for ('4114N4N40: C, 20.35; H1, 1.71; N, 23.73. lFounrd: C,

20.47; H, 1.78; N, 22.25, 21.93

3-Benzyloxycyclobutanecarboxylic Acid. lhe 1 following procedure is a

modification of that of Wiberg 9 . 1)iethylnalonate (2250 g, 14.1 mol) was

added with stirring to a1 solution of potassium t.-- bu toxi de (1 163 g, 10.4 uol)

in 12.5 L of dimethyl sulfoxide. After 15 min, 2-berizyloxy-1-brorno-3-

chloropropane 29 (1237 g, 4.70 neol) was added sowly arid the rixtuie was

heated at. 120 'C for 21 h. The solution was cooled to room temperature,

." diluted with 15 1, of' water and extracted with ether (3 x 5 1j. The

combined organic layers were washed with water (3 x 4 1,) arid wit h

0 saturatled sodium chloride solution (3 1), dried (MgCSO4) and concenl.rated.

Distillation th rough a large short-path distillation apparatus gave a forerun

(hp 60-115 °0 (15iim)) followed by 716 g (50%) of diwthyi 3-benrzyloxycyclo-

butane-l,l-dicarboxyate: bp 18f5-190 'C (0.4 mm). To n sln ,t.ion of the

1 di0ter (716 g) in 1 I, of etiiol was added a ;olution of 85% potassium

h ydroxidte (620 g, 9.38 mol) in 350 mil, of water. This mixture was stirred

and refluxed for 2 h, cooled, acidified to p1l 1-2 with cold conccntrat.d

'' aqueous hydrochloric acid and extracted with ether (4 x 500 ml,). [he

,,combiried organic phases were washed with wat.r, (ried (MgS 4) and

coriccttraLed to afford a yellow solid. This diacid was heated at ca. 200 *C

under reflux condCinser until 002 evolution ceased. The product was

distillcd through a one inch vigroux to afford 357 g (74%) of 3-benzyl)xy-

cyc lob tari( :ar boxyli( acid: bp 195-202 'C (2-3rri). lit9,29 bp 146-150 C

k'.., (0. 1 r

3-Benzyloxycyclobutanecarboxylic Acid Chloride. A soluLion of 3-ben-

0 zyloxycyclobutanecarboxylic acid (10.0 g, 48.5 mtol) in 30 ml, of thionyl

29
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chlor ide containiing two dArops of DMF HWas stirt red t rooml Lemiip'la.iir o

2 h arnd the exC(ess thioriy I C hlori'de was5 (ist iiled off U i de r reduceed pies-

-surie. Short.-path distillation of the residue afforded 9.68 g (89)%) of

3- berizy loXycyc iobu ta necar boxyV lie acid (:hloride: b p 110- 1 11 'C (0.5 11I ?

(0014) 1795 cm- 1 ; 'ft NMR (01)013) 6 2.55 (in, 4 11), 4.02 (perit., 1 11), 4.40

(s, 2 H), 7.16 (s, 5 H-).

Anal. Caled for- 012H13ClO02: 01, 64.15 11 I, 5.83; CI, 15.78. Found: C,

64.47; H1, 5.97; Cl, 15.59.

2,8-Bis( benzyloxy)-5,10-dioxodispiro[3.1.3.1 Idecane. To a stirred

Nsolution of 3-benrzyloxycyclobu tttriec(arbo(.xylie, acid ch bride (9.60 g, 42.7

* rnmmol ) in 100 nil, of' 1:1 ether-berizorie! was iidded dry trietfiy Iamiic (7.( g,

-. G9 iflhlol). The resulting suspension was rofluxeci unider an argon atiio-

Sphere, for 24 11, d1ilut-ed with 60 ml, of nieth yon ri -hlorjie arid poured inito

aqueo0us 5,, hydrocbki i u acid. The wator iyor was extracted with inethy-

Ve i-hloride (2 x 50 mil,) arid the orgatnic la1yers were :oiliiie(I, washe d

wit.h I M aqueous sodium bicarboniate, dried (MgSO4) and conicentrated. A

mixturc o)f 50 iml, of hemrkres arid 101 trl of ether was added iirid the

ireii t.ithiP solid t ri tm ated, and washed with hexanes- to give 2. 10 g of

% ., ~dispi rarie as an off-white powder. The fil Irate was coiceuidtraled irid arn

* ~id(Ai ti orm 1 .80 g, (48% overall yield) of producet was obtaineod after treatment

w ithi t her--hexanes as before. An analyticil sitiniple was obtialined by

r-o(:i ys-O:lliz/atiori from beuizene: nip) 139-l'l0 'Cs; I R (012C12) 3150, 17.50 cm-1;

S.. ~I il MI~? (01)01') 6 2.50 (ni, 8 H1), 4.10 (peril., 2 11, J -- 8 liz), 4.37 (s, '1 II),

7.20 (s, 10 11).

Anal. Calcd 1"' "24112404: C, 76.57; 11, G.43. Found., C, 76.73; HI, 6.32.
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3-Chrv-1- nif ror veob u ta necar box ylic Acid. A solth ion ol ethYi

3-c hloro-3-riitrmc yc lob u taniecar boxy late (1.05 jq, 5.05 innmol ) anid sodi umi

hydroxide (1.30 g, 7.5 inriol) Iri 20 mil, of 4:1 ct!Hiriol-wzatei was reiluxe.d for

h, cooled arid acidified with aq ueou s h ydi r )1hlwc ci to p11 2 ;ifhl

-1iifori of water (25 ii I) . 'The aql ueoiis phase Was ex I.racted Wi th ether (3

x 25 iwr I) and thc combined (PrgI1 ic layer PSwore was hod With satr'r rated

SOdit.our cli lO~idU S0 do ln, dried (MgSO4) 111 :oicenrlr'~od NC) give, a Y 1 14 ,W

solid. Short-path distillation afforded 0.82 g (95%) of 3-chloro-3-niitrocycio-

hr itanorarbox ylie acid( as a1 miixtuoi~ of' ci s/I ran -isomrir s: imp 69-70) * bp

122-123 ~e(0.1 mim); fR (CH212) :3000, 1760, 1715, 1560 (.ni-; IH NMIR

(00013) 3.10 (i, 5 14, -0112-), 4.95 (mr, 2 11, C__('12), 11.9 (S, 1 11, 0021-1).

Anal. Calcd for C5116CINO 4: C, 33.45; 11, 3.37; N, 7.80; (11; 19.74.

Pomnd: C, 33.93; H, :3.42; N, 7.66; Cl, 19.54.

3-Chloro-3-nitrocyclobutanecarboxylic Acid Chloride. A .solutioni of

3 - i iovo-.3- ri itroc yc lobiu taniecar boxy ie acid (0.81 Ag, 4.5 inuno]) inr th ion y

clo ride (3 ii,) was stirred at 25 "C for 3i h , thre excess thiorryl cfil'i1(

w as rem11oved at. reduced pressure and the prod net. distilled to afford 0.81 g

91%) of 3 -c h lon'o- 3- ri it troc clolijtanecar box yI ic acid clo ride: b p 65 'C (0. 1

11?) I (0112012) 1785, 1560, 1340 cmi-'; 'if NMI? (CDC7la) 65 2.8-3.7 (111, 511).

S Anal. COalcd. for 05Il5C12N0:4,: 0, 30.33; 11, 2.54; N, 7.07; C), 35.81.

Li. Iourid: C, 30.85; 11, 2.87; N, 7.23; Cl, 35.75.
3-OxocyclobutaneecArboxylic Acid Chloride. A -78 'C solution of 3-

nie I. h ylcie neycboht u ;tiri re'a hoxylir. acid (7.00 g, 62 mmnol ) in 100 nil, of

nic Ihatiol was oyon)ivc'id uni l the persistenrt. hille color of diissolved o 37011

PitWas oted ( 10. lDinwriyl sullfide (10 ink) was added arid the stirr'd

,(Il-otlr nlli)Wcd to) warm to roo1 tmqwip'tnirf civerriight. The solution was,,

:31
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coiceiit'a&'( by eNtiytva~por'riion, rilethlylerie clorwidc (f? III1 ) Wl,5 aJdd

arid the soluitioti chilled to -10 'C. T[hioriYl chlloride, Q25 fill,) was IrrtILrI'o

(liceci (ropwise, anid ani exotheciii rorictiori Was i, ; rigI II' iriil

stages of t he ad dition. After the remainrder of the th ion y chloride wi

added, the solution wits refluxed for 2 1-, (!(Ic(Itdai crnorit rIaIlle'd. Short-

path i distil lationr afforded 5.40 g (65%) of'3- X( ebbl ancr oyli ar'idc

chloride: b p 53 (~(0.5 11111 11?~ (('112('1 2 ) 1 790, 1 385 cm-1; IN NMI?~ (Cl)( 13)

3.4() (n], 5 11).

Anal. Calcd for CsH,('102: C, 45.3l; 11, 8).80; Cl, 26.75. Founid: C,

44.88; H, 3.90; C1, 26.86.

*2,8-I)imethylene-5,10-dioxodispirol3.1.3.1 Jdecane. Tlo a stirredH solutionr

of 3-nmethylertiecvel(-.obut,ariec(arboxyliz acid chloride's (21.8 g, 0.16C7 unol) iii

250 ifill of 1:1 e L' bei lizone was added dry t.b r je lamiic ( 27.0) g, 0.267 urol)

lr rider an a-rgon a tyiiOsph(!re. Thei resulting cream-colored suspension wris

stirrt~l nrid refluxerl for 24 h, :oolIed arid washied with ice cold 1 M aqu ouis

hvdrochloric acid. The acidic aqueous phase was extracted with ether (2 x

25 finl) ind diiscarded. T[he corn bi ned organic layers were washed w i th I M

aiqueoujs sodium bicarbonate solution, dried (MqS04) and concentrated to

afford a reddish oil. This oil was triturated with hjot heoxies (3 x 50 nil,)

* anid isoi e res9idue discarded. The hexane solution was rooled, decanited

frori prec ipfi tate, rehoiated an Id recooled . Th1e p.rod1uct, wals fil tered , was Sed

With cold hlexarics ( , i ) Arid dir'ied in vact io to afford 2.501 g (1.6%) of 2,8-

ci rrct y oriS 10-i OXOl s i r[ 1. .31 jleari. 5 fin. 'it:was concentrated

aIrid tere-sidue ehroriatogr:.phed on silica geol (5:1 hexatie-ether elierit).

Tfl. 1t-l iide, soidr ,)flle war. ve rs.;ilized frorri lir'xarw( fro affordl 5.41,,

(3 )of additional) prroduict.. Two reen'yst~alliza;tjrons frolr lhexar- gaOve an

%3



analytical sample: mp~ 113 'c; [I?(.IzC) 2970, 1765, 16W0 cm-1; III

NM1I? (CI)C1) 6 3. 16 (t, 811, J z 3 liz), 4.83' (t, 4 HI, J r3 liz).

Anal. Caled for- (C12111202: C, 76.57; 11, G.43. Found: C:, 76.51; 1f, G.32.

2,5,8,10-Tetraoxodispiro[ 3.1.3.1 ]dec-ane. A solution of 2,8-dimithylcrio-

5, 10- d i jxod i s p)i rc[ 3. 1 .3. 1 decaf ic (0.4 8 g,2.5 5 mn iol ) i ni 50 in 1, of n th y le tie

C h 1011do wis e hi] Itd to -7 Carid it stream of oz'oric ini ox ygeni a

introduced vi., ;a glass fr-itted buibbler- using.L A WeisbaCh oZOriatQ1r (T-23).

lTe ozoriolys-is was (oritiriO('( until the pclisistant b)11Jt color. (if djsislvd

()(r1 Wa ObSe 'Ved ((,-,. 1 0 mi ) . Di methyl sul 1fi de (I inL ) was ad(ed mid(

I he (Jr V -je bath allowed to Wal-iti slowly to Tr()oni teiui riera tn re.''h 'giIId

S la1,yOr w AS was hod wvi t1 watle (2 x 25 mil,), dtic jd arid conoritntnted. TPhe

f(~cJ.t ig Solid(1uh lt r locd I Wice with hot t hen' ii1i(l (1110( ill VAt-lml h(

give 0.27 q (55X~) of'2581-ttaxdip a 3 31d~n. Sii imto t

- ~~. i-odor ed proesslo e((0. 10 nimm ga an rt mutv ich winp d (21 5-220 "'

* diocorup); TR ( Kilt) 3050, 1780, 1745 cm1; Ill NMI? (CDCl'-d61)MSO) 3.53 (S).

Anal. Caled for' (1011804: C, 62.50; 11, 4.20. F~oud: C, 61.99; 11, 4.32.

2,5,8,1O-Tetraoximinodispiro[3.1.3.l]decane. A -solution ,,f 2,5,8,10'-

te trioxodispix'o[ :3.1.3.1 Jd-caine (0.476 g, 2.48 mmol ), hydt-OXylamirmo hydr~o-

N ~cli uid o (3.40 g, 49.2 miunol ) and py i'idi ne (4.0 g, 50 inmll) ini 50 mil, of

0absolute ethanol was refluxed for' 24 h arid then pourted into t50 miL of

N.-'water. T'he Prod uct was filter-ed arnd washed thor-oughlIy with wntet- anid

I.' (hO with methaniol anid then dr-ied to affor~d 0.347 g (56%) of 2,4,8,1 0-tetra--

iixiiirodispiro[ 3. i.3. I(1Otc21riO. Ani arnalyticail ,autiple was r('('ryski11i'ed fl-oil

- r~iiiiioliyl muf~i1'thoooi:np 27F)' (dCC0mpj); 11? (101r) :3170, 29:30,

1,100, 960, 910 cmi-1; ill NMI? (d.( I)MSO/ Cl)CLI) 3:.101 (b- ,i), 3.3() (hr, s),

1035 (,D0 O ., 1.0 ( 2
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A~nal. C'i~il kt Im2~(4 1n' ''123 Ni 41~) 4 432I

Foud: C, 46.43; Hi, 1.931; N, 20.73i.

5, 10-Dichiloro-,5,10-dinitrodispiro[. 1.3.1 ideca.irie,. T() ;I smd ttitl -f

I,10-iioxi IIIif Jm I hIS I r) I I . *. ] ~ :If I ( !)G w I fiIIi)I) ill :J5 1111,( o f irzori

w~li s iI f k I Z) [III f, 5.Z . 5 1111till I v mIr Ii ii I ptin j S 'I "v. t I I

1) 11os 1) 1 )I o Ii c 13 ). .'i'r the t - i Is I u ixtl,Iir'u WoIS ,it ro 1w 1.f 1m ,11f.

N, ~ ~ ~ mianui tm lanyer' vv'iIi "Idi((1( to 5) fill, (d' pIf 10.5 uum i,'rc-ltm~ml m hrmlm iIimm'

tetabityamionmiiihydrogen slffalt (1.90) g, 5.60 iiimi) A waitici bath wv;um

uscii for both Ii xid.,itioris. After For 1 h,-11m : ImIiiumoiis hiovnr wa (xtzIc~ite(

w~ithm etOher (2 x .50 fil,) and Owh corribiried ()rg~ariic layers wIefcn wanslwdm with

satmiratdlwf m (1m chlCwidO( Sollitiiiii (25 111],), ml1iiid (M!_'S04) arid collicefil rIte"d

o ie 1.50( o semi-sold product. 1Reery.strmlization from mothymlerie

( 111 loi'mu- heimiri es followed by Suib limiation ad 0.(.5 mmn presHure gave. tr

roft hilf s,1m1ple o 5, 10- dic h h ro-5, i) - J ir)rmdmisp i r,( :3. 1.3. 1 Jdeca ne: nip1

71 - 17." 'C; I? (C112(71 2 ) 1560, 1340 cu-1; III NMI? (Ci 3)(: 6~ 1.80 (ill, 12

A nal. Caied fo i' C mol Ii 2 C1 2 N204: C, 40.70; ft , 4. 10; N, 9.49; CI, 24.02.

F'oundi: C, 4 1..07; 1-1, 4.20; N, 9.26; ('l, 24.73.

2,,81O'1-tac hlo ro- 2,5,8, 10--tetranmitrodispiro[ 3.1.3. 1 decane.A

S ss pm mm se inn of 2,,,1-t roi o sprm) .1.:.1 icte(0.220) g, 0.872 mmol)

ill mIli, 01' meti C1nvlerimn cbmil t (0 "C was: stiril-d while. chlorine, gas was;

irmr',mimedslowly. 'llmt rfesnltiing green iolution was stirred for 30 mnn

ol'nth Sie~did di-,o ve(I. The SoAuioti ww; (!lwcorlilale( and 1(0 fill of

tmin/eni',smomiii livpom'hlorit' (10) nill, of p11 10.5, 5% NaOCl) and tetra-

* Imit > l:,mm i un Ii, Svii i'ml~cI illlt fale (0.5(1 I, I .5 i film 3) wcre' ald d d. lime

a r':-.ijit~mrmmrtmvmm jmlImS( ,iixtlnmr', mv~mn-u :sti.jrm m . I hm It, 25 'C aid] tOw mIllmIiS
1
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I1:cel: W,-Is ('xtT-;lc-t'd with methylorie Ailmride (2 25 nil.). Ihe! ci;bifiedl

L~ririr avti' Vi' ViHI((1 .With s ;tLIFi;0tr sliml ciloiiide !')oJIilolu, dio

(MLntS0(4) arid coticetiti-1Led to ;Iffor'cl 0..3L of' %'!11eW solid1. 'I'fi~i soid* wao,

rlit il.Ifetd %vith 4of1l 1%,v icc aind I rrvstilli/,( li'oir ijiul 'Ie chimiCI lo

iv(1 30 1] g (8%) o4 258,10-.-Let I -;Io-,58 ch 1- tetrlitxod i'spif.(oI 3. 1.3. 1 dtleo-

li: ri 18-?( (1 (ecmiip)I; ? 1h 1 1r 1570, 1550 13.50,i 145 l; l

Anal. Ca ho(d I'mi Ct jol l(C1tN40s: C, 2(;.,1(; 11, 1 .78; N, 1 2.34; (11, 3I.

Founfd: u, 26.3.2; H, 1 .90; N, 12.00; (C1, 30.87.

2,5,8, i0-Tetraniit.rodispiro[ 3.1.3.1 ]dec.ane . Ch iiirii gas was i rr r( ditc Ii

i it h) a 0 ;C' sis pon ioni of1 2,5,8, 1 1)-ftraoxi III inodi i pirolj3. 1 .3.2 (Carie (0.220 ,

().Hr 111uiol3 arid w;irirg vi contliriried !'i 3(1 mill rfteilii th ea(:lwiorI wa;S

* verriupl'tc.. The shfiiWas r',urrcefittrahed 'Irrd heuirjzerle (10 mil,), LeltrabjtY'-

:iinrrnithim lliydr-olffnn ,mfatce (050 g,1.47 iinure]) mid sodiriui hypochlorite (1(0

il, of p1l 10.5, 5% Nr)C I) wereaddo and c tho mixtur-e was stir-ired for- erie

hrour% The aiouomi SLiyer was exti-acted with me th yleric (:11 hide (2 x 20

nII]) a rid the comnbi ned or-ganic layers washed wit LIi M sod iumii bicarbonaite

solun io, (ri non (Mr(QS04) ari( ncnnrrcrit i'ile(1It giVe I solid aftel. two of.1ir

h-itit-atjioris. A sotuin of this solid ;n 25 mil. of tetraiydof iir'atari ad 5 nil,

o ~ ~ ~ ~~f W0 \A%1 r e i rlitlni~ r 1 'roxyIa ii neIrydI iovfi 1)1'ide (0.412 g , G.9 urirriof ) Was

stir' rt~ 0 while ziric pow tler (0.40( g, 6.0 inmel) was added0( slowly per-Lion wise

sPC1 ZI mi pciriod. Afler at 2 [h period, the s~dllier was recflrixed for- orie

ii ,IumT. 1I li. cijiif'-d !i]iiorti was dliiud with wat r id~ extracter with

uiithiiei' cI lorid1e(i x 25 unI). The conibiriid organic laiyei'5 wci'(' wushod

withstrad sodiumn chloride solutiori, dr-ied (MgSO0i) arid crcertyrited.

('oluiriru chiuiratOgr-ipnlv oif the vei'ort.irug oil oni silica gel using 3:1 hoxii'-

:3
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S-. etIyl e11cotare( J' orded .< ii ,4 (20%) ()f 0,5,8 1, - trnitrrt1 r i Io 0 ir(1. ."i. I

decane as a mixturo of isomers: TLC (3. 1 hx;ine-Eto)Ac) I = 0. 10, 0.14

n Ip 110-112 'C; IR (11lr) 1535, 1370 cur ; 1I1 NMIH (CI 1,4(N) 6 3.0 (d, 8 11,

, = 7 lIz), 5.5 (im, 4 11).

Anal. Caicc. for l N 1, .27.98; II, 3.83; N, 17.72. Pound:

37.88; H, 3.80; N, 16.97.

I -Nitroazetidine-3-carboxylic Acid Chloride. A solul.ion of 1-nitro-

azetidi ne-3-carboxylir acid32 in, 10 ml, of Lb jony) chloride was stirred at

- xor enrom pemp;rathire Lfor 24 h r d ('oiweratr 1.d(t by rotary e0Vapor- i01io, I) yi eId

V. .'. 2.30 ." (96%) of I-nitroazetidirie-3-carhoxylic acid chloride. Ar analytical

saumle was obtai rlled by molocula' d(isLifi ltiorr or a small samnple: bp 105 'C

(0.5 miml); I1? (C112(C12) 1800, 1540, 1340, 1260 cml; 1-I NMI? (CI)CB) 6 3.90

(pent, 1 11, J = 6 H1z), 4.50 (d, 4 H, .J 1iz).

Anal. Calcd for C4 5N2C'.O:+: C, 29.20; 11, 3.06; N, 17.02; C1, 21.54.

Found: C, 28.85; it, :3.09; N, 17.01; Cl, 20.92.

3,3-Dinitrocyclobutanecarboxylic Acid Chloride. A solution of 3,3-

dinitrocyclobutane-l-carboxylic acid (0.88 g, 4.63 retool) in 5 mL of thionyl

chloride was stirred at room temperature for 2 h and the excess thiorlyl

chloride was removed at reduced pressure. Short-path distillation of the

O resi(Juf gave 0.72 g (75%) of 3,3-dinitro(:yclobut rx.tcrloxylie. acid chloride:

bp 85-87 'C (0.2 nm); IR (Cil2Ci 2 ) 1790, 1560, 1330 cm-'; IH NMR (CI)Cla)

- 3.50 (m, 1 1), 3.60 (br s, 4 H).

..,.. Anal. Calcd for C 5C1N25: C, 28.79; I, 2.42; N, 13.43; CI, 17.00.

* ".- Found: C, 28.83; 11, 2.47; N, 12.64; C, 17.38.

O.
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IllI. 1,3,3-TRINITROAZET1 DIN E

A. Discussion

*\"\",. Tho first syrthesis of ,3,3-tLir itr azeti(ine (TNAZ) was carried out. at

F1 orochonl, lInc., under support from ONN. 7 SmbsequeriLly, a prelimirnary

p rocesimprS Hi n p')Vr i'ogvr IIl Was crried tILi Iou ii t"der s5pcrnsorsh i p f'

..A) E'C .as The present work, with ARD C fudriding aid (ONiR adli iiistratiori,

had as ob jeetives the preparation of sufficiet't TNAZ 'To ,(-omil)e l additioral

stability and performance tests, and th,. d,,velopmenrt of new synthetic

techniques to provide significant I yield improveulnli is.

TNAZ is a. iU iq1o inpound containin g both gernt-din itro and niitrami no

"0- groUPs - i t 'i r-mem beoJ;-ring.. iaThe simall rilg giv ,,s Lhe ins leciul ;

approximately 25 keal/mol of ring strain onergy which adds significantly to

TNAZ's performcce. Based on cormbustioi sludies, the heat of formation

of TNAZ is calculated to be 8.7 Kecal/rno], with a monopropellant Isp (1000-

14.7 psi) of' 273.5 sC(C3 a
i (IMX is 267.4 sec).

''NAZ melts at 101 °C arid is thermally stable above 240 *C. FromiU

the x-r'iv r Strletu|, 4( the estimated the density of TNAZ is 1.84 g/m 3 at,

20 0 C, (The observed density of TNAZ by silver nitrate flotation is 1.83

g/cm3 ). The structure of TNAZ has two very interesting features. The

. <zetidiri ring is puc:kored by 13.60 which results in the nitramino nitrogen

cihnvirig 5ss5Criliall sirs p3 hybridization. The nitro grou p on the nizel.idino

nitrogeri has a v r-y high out of plane deformation of 39.4' yet a short N-N

* * ' bond disLance of 1.351 A. This shorl distarice; comlpiaros favorably with the

shortest N-N horid d ista rices in RD)X or IIMX and may help explain the

stability of TNAZ.

3' %
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'I hl e s y n th e s is o t' 'N A Z is m i itiru d iii h e 1 f o Vh~ it1g e qJu .a tio nt S t ill ri ril

wit h i nexpenisive and i-eadily availa ble sim-itin in.io i I

"40 CI -)If ('If O.SU0iml
I / R Ft, N /\ NaNO ,

I flu NI~p f Gi 2 (II-CJL I - 11.1 CW IIl t11
\/ M(",;O,2 G I X

.,N 1.-Blu N t flu

Gil- NOc, G (NO,,) G NW )
/\ K, S,'0;i /, IIN0O/

11 C IL, - - > ILIC CIL 1KG, CI 1
/ K3 VFo( C N'), \C ," I CO)., 0 //

N - I -Bu NiiNO,: N I Blu CIL- Cl. N
NO_~

Du ring this prog~ram, several of these Steps were reini vostigated inl anl

efor o itpov e yils ac ii itatc miater il hnid I i n g , Intiri iin i Ze waiste

disposal problems, arid increase safety. Othet' rout.s to 'FNAZ were also

investigated briefly.

Step 1. 1- t-Butyl-3-hydroxyazetidiniun Hydrochloride. The reactioni of'

~*.t-butylaniine with epic h orohyd rin to give the .3-hydroxyazetidirie involves

two distinict steps. First, the aminec and epoxide corideri xc to) formIl it I-

amuino-3-chloropropariol whIiich then cyclizes tn) g~ive the desi rod pr-odutct..

lDiffererit solve n--is ip pear to be req uired fot- each Ste p. TIhe (:orideinatiori

r'eactioni was studiLed in iethyleriue chlor-ide, hexanie, acet~oniti-ile and Freon

I 13. Th'e reactions were tnnji rtor,(i b)y follow inrg the d isiappean rine o.f

opicht()rohydrin by gb:. The yields ini these reactions varied frvom 20 to 69%

anid are surnai'ized in 'lablo 1. Tfhe best y'ield.,- were obtained in hexarne or

* without solvents. ()n a small Scale, this cond(enisation c;ould be run neoat,

but on A k i]lgar Scae un1controllabl. exothierrs Were observed.

TFhe use of Zacid o' base Caltalysts Was iivostigated. The presence, of'

p- tolueriesiilfonic icid did viol, effect thie con deiisa Lion reaction andc caused

38
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the cycli'/ttion r(actiol to fail. '1' I)tu'ts) ,l) of potassiu k I--blotoxid! in

on(.- attempt gave no improvements in yield. 'Fio use of excess t-butylarine

was also found to be irleffectiv e ill imiproving the yield.

Table 1. Synthesis of 1-t-Butyl-3-hydroxyazetidine -- Solvent Effects

liun So.. venlt Condensation % Protdut yiel d % _ Notes

I IWN l ,' 50 60
' hexane 50 0

3 acetoni fri Io 60 9
4 CIL, C 12 50 22
5 CIF.CI 2  50 0 a
G (:IL, C1.2 80 57 b
7 (neat) 80

teact ions run with 0. I iol t-hitylamin(- and 0. 1 CJ)ichlorohydrill

a p-Toluernesulfoni" ac P]
1) 0.2 tool It hutylaminc(

The 'yclizatilor reaction requires the iuse of' a mildly basic solvent

such as acetoriitrile. Methylene chloride or methanol was not effective.

l'Thc use of n:cetonitril.e in the corniensation step (led to lower yields. Thus,

the best results were obtained from reactions conducted first in con-

centrated hexane solutions for 3 days at room temperature, and after

removal of the hexane, ill refluxing acetonitrile for 3-6 hours. Yields of

69% al Lhe 1 kg scale were obtained by this method (Table 2).

Table 2. Synthesis of 1-t-Butyl-3-hydroxyazetidine

RUN solvent t -Butyl ami.ne Ep i chlorohydrin Yie]d I

I. hexane 980 (13.4) 1300 (1:3.4) 1365 (61.7)

hexane 980 (13.4) 1300 (13.4) 1250 (56.5)
3. hexane 980 (1M,,4) 1300 (13.4) 1,400 (65)

4. hexane 9174 (13.3) 1235 (13.3) 900 (41)
5. neat. 115 (1.5) 140 (1.5) 175 (68)
6. neat 570 (7.8 ) 720 (7. 8) 892 (68)

All runs included post -treatment with ret'luxing acetoniltrile.
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Step 2. 1-t-Butyl-3--methanesufonylazetidine. 'The iii' sylIe is Jwpr azd

from the 3-hydroxYazetidine hydrochloride and metharic-ifonyl chloride it

"methylene chloride wi th 2 moles of triethylazzi ie. The nesylales propnrct

in this manner conLair ed u mcharac ter izd impillrit s whic h WIre r :)ci

After later ste ps. 'l' Th0 erde Irosylate is iasily ptmri 'iied by L, rihi ration with

ether; the iilpturities :Wre ilsoluble.' The purified mesylate is ,uit.abbh for

direct. r'act ion inl I hI next. step witlhoit fthll- 'r fratllw:rrit.

Table 3. Synthesis of 1-t-Butyl-3-nethanesulforiylazetidine.

"1. Tr(thylaminc CIIS(.)C I Y i (, I d' Note

_g (mo1e,........ (. .'_ e) ....... , ') g.

574 ( 3.5) 723 (7.1) 439..5 (:1. 81) G37 (88)
2. 574 (3.5) 723 (7. 1) 4:39.5 (3. 84) 650 (90)

574 (3.5) 723 (7. 1) 439.5 (3.84) 588 (81)
4 . 574 (3.5) 723 (7.1) 139.5 (3.84 703 (95
5. 100 (0.60) 126 ([ .2 76.0 (0.67) 80 (64) t.
,C. 115 (0.693) 144 (1.4) 87.0 (0.764) 1.18 (84)
7. 250 (1.5) 315 (3.1) 190.9 (1.674) 220 (71)

8 250 (1.5) 315 (3. I) 190.9 (1.674) 220 (71)
9. 100 (0.60) 62 (0.6) 76.0 (0.67) [20 (95) c

, 10. 574 (3.5) 723 (7.1) 439.5 (3.84) 400 (55) b
11. 60 (0.364) 75 (0.77) 45.8 (0.4) 445 (60 ' h,d

a. Crude yields
b. Produc-t purified by Ether treatment.

.¢. c.Freon its solwomt

d. bMAP (diunethyarii nopyr~idine) in place of Irietphylamine
.',

The use of dimethylaminopyridine as a replacement base for triethyl-

aimine in the m'esylate formation reaction was irnvestigat.ed. No significant.

.iff]ferente ill yield or reaction time was noted which would justify the use

o' Itis more (!xlensiv" 'ase. In one run, the use of ,'reoon 113 as the

,'..re--action solvent in place of mothylene chloride gave no difference ill

j 0(rolu(t i d ( " (I r ity. As previously noted, the mHisylate solutions ar(

40
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11rustatble arid were ujsedc imiilediiately after- pl)IIarfltl. lIit)Ie 31sIii~i~s

recsu It8 obtairied fo-r- the mosy Iathori r-eactioti dur-ing this p i-gr-a.

-Step 3. iI-t-Butyl-3-nitroazetidine. The criitical ste p for- the seaie1(--11p

fli0ri10 nitv i'cn iv i\at ive. We, tiOW fri(1 that. io it ig a two- phioae medi u i, water-i

-Anid Fro 3 eut naen~oelresaereactioni, without the

need for. the ni trite scalvenger-, ph loroghwt:inl)I. At Liii gh reiatioi timres ar-e

someCwhat loniger' (1-3 cla1-ys) thann previously obsur-ved for- wateri-methanocl

solo ls (1 6-24 homrs), the isolaited y ir d of ioroitraeid efrom the

Prl-eonl SOIltion is 55-65% (cempar-ed to 30-35% i ri meth Lianrol-water'.). I ri

O AddtiitiOri , the moni iiiiro der-ivative can be recacted fur-ther, without. isolationi

frocm the Fr-eor i 1:. solution, to give the (Jiim ~ointer-mediate. The overall

yieldof th (liriazetiin sarting fr-om the moisylate has been impr-oved

by these changes from 18% to 35% (Table 4).

Table 4. Synthesis of 1-t-lButyl-3--nitroazetidine.

RUN mesylate Phl-ioroglucinoil Solvent Yield

1.600 (2 .9) 335 (2.067) CIhOH 1:30 (:38)
2. 600 (, 2 .9) 335 (2.067) CIl-Ofl 130 (38)
3. 580 (2.8) 257 (1.586) CH-i Off 125 (38)
4. 80 (0.:386) 35 (0. 216) ("11401 3 8 (63)

*5. 80 (O.:386) :35 (0. 216G) C IliOff 15 (25)
15 I (0.072) 0 Fr-en 11:3 6 (50)

K. .6 (0.1029) 0 Fr-eol 113 2 (5o)
H. 01 (0. 097) 0 Freon1- 113 7 (50)

- . 30 (1.11-6) 0 Vtreon 11:3 92 (2
10l. 100( (0. 483) 0 Vt-eon 113 Ili9 (50)

OIl. 130 (:3.866)) 0 Front 11:3 450 (65)

'1'he e fe t tJ ha Ii de i oni the dIis plricoeiie . reaction was inrvestigate.e(

Pait tlel reactjis (if cr~ude mosylate with 2 eq uivalonn ts of nitrite were

Stu died il in methaltot- watei- solvenits. I ri the ahse rice of' other- coounter imris,

41
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those 111Ateral gav 3-38% yields of iroliori ittC rdiot.'h i1(iino

equivalent of T)otassimln iodide gave a 29% yi H 4, wherei 0.25 equivalents of

sodium-u br-onide gave 35% of the moriltro (mii )(miJ(. Thiese 1ev i~itiois may

Iesulto '! f.-' wor-k- r -vtion~s i,ath-t- than m nv o:-"-n fe.

Inc r'easing the nit~r i t( coi we tit r-alioi Uo 12 e iii vale ri s sinjihiriy failed to

- iillmove thle yield.

MonoriitroamAt.di i hs both secoridar riittr arid te rtiary ahirie

fo no tionl i ty Mnd c;al be dissolved either- in acid, by for-in igan ariniolli ii

sItor- in base, by for-minrg an) riitr1onate Sait.. It, i' likely I. ha I somei of 1[hw

S 1)1" )d oct. is lost ill the water- layer because of iticomIAilee extraction due to

*onie or- both of these salt. for-mation reaction. Ill A br-ief p11 study, solu tionirs

cAri-efu adjusted to pHi 7.5-8.5 werec, founid hi) griv i(bout 10% add itiornal

-~~ p rod u.;t upon e.%hau stlye extractlion.

Th~blo 5. Synthesis of 1-t-Buityl-3,3-dinitroaizetidiio.

IN 1111 1iio I ro 1) -ol -o trS ii ) al Y i.el ii of )i.nit Ito-

5. 50 (0.31) :30 38. 0 26(316)
2.11 (0.69) 70 ;0) 35.6 (25)
3.115 (0.723) 7:3. 5 5 6 3:3. 3 (24)
.80) (0.503) 65 50 30 (33)

*).40 (0.25) 32 24 11.3 (28)
6.2l( 150) IH A 77.3 (26)

7. 25F (0. 157) 34 36G 21.4 (67)b

a. based onf me-syl at e
b . Di st il]led morion ii. o , yield this step only.

Step 4. Synthesis of 1-t-Butyl-3,3-dinitroazetidine. Pr-ocedures,- for-

rwersulfate catalyzed oxi dative ni tration of 3-ni troazetid ino to 3,3-d i txro-

azeti ne werec riot, ('haniged (ilring this pr-ogram, and the r-esults of sevenr
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<J- A4.61

% % e~



0-

'%3

runs are founrtd in a[able 5. yi(l, ;tS( ,( t ( - Va m.. , wvi( : v e twv:r ".eer 24%

,rid 36%. In (re case, the moriortitro cimpoti (d was purified by distillation

under high vacutim pri(or to rc; (ction, and tHi yielh of ;7% was consistant.

with that p'eviously oser-ved.

Step 5. Nitrolysis to TNAZ. Th(. triflr)i( -11c(: : .c snit. of" ditinilroaze-

tidiric ",'-' nitrolyzed in methylene, chloridt, with tnriftuoroaetic anhydride

ad 100% nitric aci(d. No changes were a1de i, thi rf':Lioia pr'oce(lJr';.

(I)uring prior programfls only milligram quarnit ities of TNAZ had b001 1n isila te(I

a r)d the work in volved the uS(, of 1IIt, hyht im (-hlorido, siol tiolis ,)iily.

However, during this program p)rocedures were developed for isolating and

purifyirig TNAZ. In gcrieral, the nit'olysis mixture was washd( with water

and 5% sodium bicarbonate solution and dried over magnesium sulfate, and

then evaporated to giv, crude TNAZ in 9,5-98% yield. This material, which

was slightly yellow in color and had less than 1% impurities by nimr, was

recrystallized twice from methylerie chloride and the purified TNAZ was

isolated in 82-87% yield (Table 6). TNAZ obtained in this way was almost.

colorless and was futrther dried under high vacuum for 12 hours to remove

any residual solvents. l)uring this program 144 g of TNAZ was prepared

Midri(I shil)T5d to ARID)EC.

Table 6. Nitrolysis to TNAZ

S, . WN Iinitro Sal. Yield TNAZ

1. :38.0 (0. 135) 22.4 (99)

2. G:i., "0.224) 36 (84)
:3. 101 (0.359) 30 (87)
4. 50 (0. 178) 26 (H2)

4:;



1K Analysis of TNAZ and Its 1Itermedliates. U tw iarmii t vil 11ac I bds for-

fol lowinrg these 1'o01c Iionis have beenl deo loped usHinrg gais chrfi 1am ogintph y on

rin OV- 17 columni wi I h fHeliiiia (ciiiei' Las, I l'iiiwil coliadiitiv l.v dle ( 100

ind 25 *S C inijeo-tor' id detector t. mp ' .. e. t r uaa,-.is o(f theI l

andI di rii t,veli di n in terraaed j~ito Llu( coWullrn tem'~pecfnlure was; p r. gr-i lii (

fr-omi 10(J to 240 'C at 8 'C,/ wiini.

~~ 'P~~NAZ is riot Vet-v 5011111) iti doiitov ch'.loi)ofolm so the II[ NMI1? s per Ixra

were'( 1poOI'decl ini icot(riv-d6 inr whir Ii it. s how,; ii si rig C'i a i .X TiheI i'C

N Ml of TNA', shows two a bsoi-haiwe .t. 6) 103.4 arid G.'.4. '[li, if? 5 pi :c ii li

in niethyleni chlor-ido show s rlilto gr~oup d1)s)rtiharic.o-,t. al 1580) and 1420 ciui1.

Alternative Routes to TNAZ. The exi-st irg 1-ouite to) TNAZ u.-es the

bulky t.-butyl gr-oup as a blockinig gr-oop tirit l the final nii-rWysis. Al though

th is ster ic bulk helps stabilize Ihe azel. Hie ri-ing, it may also hi ri dei- other-

r-eaction such as the nittrite displacemet. )Ouring this pl-ogl'al We

Sivest igatedl the p05W it iity tlbat the less ste i iotll y doflhindcing isoTi'Op)[YI

group might be SUblstituted.

T he r-eaction of sill Iropy lani ri with- 0'p cl h by Ir-i ii glleI -prp 18-

lijYali'oXV;AZotiiaiii lly(IriOililoidSe iti 25-30%~ yield. 4 1  11hIis loo wair-

11i1qir1(tijt.ii) comlpounifd ini 2Cl/ yield. Oxiilativ, riit~rtirlo th irxito

-% 4k. (cirl f iii AI i') A d tavc 1 i r 1 - rpl'/~i irn 17% yield. In eaxch ease

the yield wais oo jrid to be loss thani that, for, the coirr'espondi ng t--biityl

de'rjii ive. Ni trot y sis of' the 3 ,3-d iitroc compaiounrd fnflced to give T1NA 7,

uricl~tr coniioris tis,.-:d for- t-butyi nittrolysis. T1his route(, was riot iiive~li-

[pit0(l fil -her..
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C) C II --()I I C I1 - ),S-()2MQ
. / / \ I,:.:,N/ \NaN0)2

-. i-Pr-NI12 + C12CL. -CH2Cl .... > I112 ....... - -120 (.1>2 ... >

.- ' \ / MeSO2 CI \ /
N-i-tr •  N-i -'r

0C1t-NO 2  CN0( 2)2 Y(NO2)2

112C (0 1z ......-... > H1aC ('112 ... - X--- .> 112C Cf2
K / Fe (CNi 6 / (CFaCO)2(/

N-i-P/- NaNOz N-i-Pr (1120I1 N
NO2

1B. Experimental

WARNING: All nitro compounds are potc ntially lherinialy unstable. TNA/' is

shock sensitive. Use appropriate shielding on reactions described below.

Reaction mtii.t:r-a we-o analyzed by gi:: Column 3% OV-17 on ("X.W.

80/100; helium carrier gas; injector 250 "C Detector (hot wire) 300 0C;

tAHlperature program 120 °C (2 min) then incresed at, 8 '(/min rA . 2.,0 'C.

Relative times: 1- t-butyl-3-riitroazetidJire, 2 min; 1- t-bujtyl-3,3-dijtr(.. 'e-

tidire, 3.5 min; TNAZ, 5.5 min.

1-t-Butyl-3-hydroxyazetidinium Hydrochloride. To a ruecharnically

stirred solution of epichlorohydrin (756 g, 8.18 inol) in hexanes (bp 70-85

'C, .1 L) in a 12 liter flask, was added t-butylaiine (572 g, 824 trnl, 7.84

miol), portionwise, over 2 h. The solution was stirred for 3 days at 20-25
C0. Thle hexaries were removed by distillation at 50-60 'C (30 mm), and

the residual mat.erials redissolved in acetonitrile (2 L) and refluxed for 16

h. The! solutiori was cooled and filtered to give 550-650 g of solid. The

filtrate was diluted with :300 ml, of ether, cooled and filtered to give

. anoth(er 50-100 g of solid. The combined solids were washed wi lh 2 x 150

" 1

% %-

% %
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ril, of, c! licI, ;And dr'ie Il k \:IL'uo tO 73( oV~%)u I- -lt.-hiI-:1l drI"wx)-

azetid irfiiin hivir'ochlorjde,

1- t-Butyl-3--rnethanesulfonylazetidine. Nb t hatiesu 1 ioy 1 cli 10,dO( 43 ~9

3, .8 mlir WA8 ;Aded, dr'opjWiS(e, to a Stilrred mixtuIe f triethYlA1iti0ie(2

gr, 7.1 mIo]) -Ifid I1- t- brty 1-3-hdVol -XaIZeA~iTI iIl hydrOChlovl;.(: (514 g 1. .5

111Cdl) inl C11I2('12 (2 1z) at -21) 'C. Aftor hOic ad1di tion was completed , the

sti rrinog was :onmtinue~d mid the tomip01-ai tre afljowed to useu to 2')"C er 3

h . Then, wateor (500 finll.,) wns added arid the orgatiic l ayer was separated,

uiished with waler (2 x 150 nil), & Icd (MgWS0 4 ) and~ evaporated at 30 'C

:30mm) to E i e G00o g ( 81%) of ; -biy -- ehns ifr lz i iAs a

rrmd if: )II NM~ll ' 1.2 (s, 9 11, ('lid0; 3.5 (411I, ('11 2); 3,.1 (3 If, 022011);

5.0) (111). '1ht, crido, oil was triti'td with 350 nil, of othor, filteored anid

evipriifd at. 3-5 "(' (2() Irimi) to give 400 g (5,5%) of pui'e uresylate SlIbild

for useI it) the he( x!te

* ~~~- t- 2o ty l-3)-nitrouzetidine. A sol ii ( r 5(d -)dim i ri f (1 .3 kg, 1 7.4

en1d) i rl wVAter (2. 1 L ) was str'r'ed wi th a soluit ion of I - -bu tyl-3-mothanie-

stlffnivlaxetidill(. (800 g, 3.8 mol) in F'reor 11.3 (2 1L) at 25 'C for (A It.

* PTh e con urse_ of the 1)0iaction was mon itored by 'H] NMR. The layers we r(,

s~l~r~iedarli Uie wa ter 111yem' W;V; OAJxtr'mr( With ('112C1 (2 X 100 mln)I

*The comm1ibirukd xtvrcts W ro dried (migS0,m) :01 (evapor'ated at 30 '(1 (30

un) to 4ivc '100 g (C)5%) of' e-sentially pim''-(, bm~l:-iirozfdre Ar,

arely i~~lsamleWav- obtaiined by distillitioni, bp 50-52 *C (0.1 mmn): 1H?

* v'l1' :L,) :1000 WC-t11, 1550, 1130 cm-Ii (NO,-); Ill NMI? (col,) ; 0.95 (s, 9

if, CiAt, :1.55 asvinm (1, ,Jz3 Hiz, 4 11, 01-12), 4.90 (quinit, Jz3 Hiz, 1 H1).V ~~~~1- t-luty]-3,3-dinitroazetidine. A ui i ore of'I-t-Im y13 iit'ar id i

t)2 0.25") 1111,) arrd( soiiim lydroxicbe (11.3 g, 0.275 inol) int water (66 fil,)F~ G1
%0



-was stivied at 2-1 O(C mntil a luoiflogorucols ,ollutiorl ForruIed. This solutionl

jvajs 'ooled to 5 "C' mud a chdjled soluioit 0111 1) odSiuill rlihI ti'l (9() g, 1.3 mrol)

arid potassium Cotrric ym ido (17 g, 0.051 inol) iri watet, (600 ml,) , followeud by

so1lid :-;)dilmii pol51Jiff"Au (87.(0 g, 0.369) iol), was added. 'Ili hmqi[ jul we

r'ose to 25 'C af)ti'i I5 miri and tOWii~tO WAS stitlred for 1 1, arid thenl

W U ('X\LF1ItCd Willi (12012 (3 x 150 mil,). 'lwm coibhirid ,il rts were

driedl (MS t) ri( the~ solvenit ovapiol-ah'-d h) fi.ive 23-. I (70 %) of I -t

1)ilv -2,- din t 01i/etdire.Tlhis 11rmActei~ll tvas dissolved (3 l:'tCl (GO nyil,) arIld

t.r'ifluot-oacetic .acid (24 iL) aded aI thi eip ae''a itrda

driled 1-11 vmacuo to give 50 g of' 1--bt-3-drirat diuiitriffijor-o-

in~ ~ ~ ~ ~ ~ ~~~~- -wttiip100dc. NRO reaiin: 1 I.0 (s, 9 11) arid 4.2 ( s,4

11); s;,11: 6 1.5 (s, 9) 11) and 41.2 (s, 4 fl).

I ,3,3-Trinitroazetidine (TNAZ). A soldution of i ' fi l uoi owel c ai .ydv rid

(150 g , 100 mii, 0.71 m1101) iti C 112012 (150 ml.,) was cooffed to -1 'C'0 andU

% e 1001% rjtLr-, acidl (11) g, 30 in1, O0.71 1011) WAS ldc ecl, d rOPWiSC, overI 10 in n

;A , rate such that reactLioni ternper'atiuI re did riot exceed -5 'C. TI- is

1w (dtionm was stirr-ed for 10 rid . ri and solid1--btl-, diiitoaei(iii n

Itxifluor-oace Ate-(. (31 .7 g, 0. 1 mol) was added, por-tioiw ise, over, 20 ihi. TPhe

*in ixhto u' was stirre(,d for- 2 h at -5 oCl, and thon filtered to remove ap-

jpr-)xiinately 6 g of pure TNAZ. The reaction miixtur-e theni was diluted

'allt io l v wi th wate i- (3001 ml,). TPhe or-ganic layer was washe-d with water'

(2 x 100 inkI) arid '-%V aqueous sodium car-borlate (50 nil,), dt-ied (nigSO4) , and

('vmp~iiti1to give 1 1.6 g for' total of 17.6 g, 98%) of essenitially purve

- '" I,3,-tiniroaeli inil) 95-97 'C. An anialytical sample. was preopar-ed by

%recyr'y skill izatiori h-Ourn C112012, in 1 ) 0 0(C: I R? C 112012):35 ( ) 1 580,

1421) ( N02) cn-'; NNMU (C)i)55.2 ( s) pprr.
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i-I sopropyl--3-ritr-oazetidi ne. A ,;()Iilho i ()' odiu I cIIit riteo (I) 1 , i .1

niol) iri water- (1803 il.) was adthd to a i olt.,orl of -s-l7y -- uuaIf"-

SL0 nilYuton I 12 g 07?110)41 ill Iinethli;rioI ( 2 2 f 11ki, i'uud tHlou ph)l'o-

g Iucinrol d ih y diAo ')0 g) was added. TPhe mixtr- e was s t. 4 recd a.t 25 "C for'

25 h and then Nvas extr~acted with ether. The or4IrqIic layerl %-;is d(1 d

(MgsoI), arid eva porA ted to give 25 g (26%)l .-iprpl3-utoze iii

"IS dar-h birownl er11o oil. Ill NMI? 6 (Cl)Ch) 0.9-I .0 (d, J z7 iz, 6 l1),

2.2-2.9 (in, 1 11), :3_5-3,8 (d, 4 11), 4.9-5.0 (t., 1 11).

1-Isopropyl--3,3-diinitroazetidine. A in xthure of' I-isopropyl-3-mht-o-

izo tid i re (22 g, 0.1 Incmo]) Lnd -iod iumn hydr-oxide (6.4 g, 0. 16 inol) ill walor-

0(710 [Ii,) w"Is stirred at 25 O'C until aI clearv soluihol hurlnne. Tbis Solutionl

wa ((ld o5 0arda hlldsoui of sodium nitr-ite- (47 g~, 0.6 mol)

8101ptiassunn errcyaide(8.8 gr, 0.03 irnol) ii wat~er (34(0 nil,) was add(ed

fo lltowed by Solid sod iu in poi~sulfa te. 'Phe enpeaLr r-ose to :35 0Cl after,

i iarid the rnixt Lii was -ti r'iedl for- 1 l). 'The reI.(ctPiII i ix Lum r w,: Wr x-

t. mc ted with rneth y erre cld on icle (3 x 15(0 mil), dried (MgSO4 ) and( coo1-

ceritraited to !,ive 5 g (17%) of I-s y-3-dntortineas a ligrht.

braown oil: III NMI? r (CDCIa) 0.9- 1.0 (d, Gi 11), 2.2-2.8 (Ii, Ifl), 3.9 (s, 4

I-1). TI'his iratey-jil was (dissol ved in ether (1 00 inL ) and t-i fluor< (acetic- (ic id

(Il mrl,) waa added. Tht pirecipitatec Was rflim anid drieold it) Vi(no to L,'iv,'

I -su~~l)I~l-,:3(IluiI'ai(tiinirntxifhror~oacetate aI" Yellow solid.
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IV. FLUORONI'IRO POLYMERS

A. Discussion

hi n~t18In! 1 V uti hu :1[)plwit ins. Ido IIlv, ,ll :I hifillior wo Ild ('ili j 1

DH I M' 1-'(' 0 11 t I- l( 110 11o ywu di)i ~ r( gow sI i-tI we r( eigrc n d eg ruoldec; I i

1)rrt rrntretof rliitcfs . rho binld"r. should 1wt s4i;h11( tbtl-uinually ;ind mu1st. 1w:

IMh ideNAl lllo1lt)Iliur1 SYSteM Wlk~I(-A CONtAinl goiii-diitiitr1'0 flnItCtOrllity iit- xt

to 1 iliiumtliit 11 Iiylnt 1,roups irild those51 '4'1'01.1 be~lt- se! [m lr, S([ufltod by -I

Ii I tle Iet y I k IIe 'OLl r f) fr'om t h e li lnictiollal ity i sodI to linik t1)ho InotirlIe'rlc

s k;'~ Iin I(e"It.C og. i50I~ -ut ito x y I) TIhus, cl"ieinicnlly lt4)b)lc systemls with

illl1l11111 lyl~vr(4 rc~l cl'trlt. ctllid 1)!- lbtdil(d. ljrtrtl1lf0]t~ty, rici prnI(tilcai

liilir'-t4 l--cififlo S.itl't
1  ,s a result., we have irivesligated the

-. ~ Y 111144 'ses A ief t: 'rIjr '5511)14:l( llrlelI( l' (011:11in rifgm- iniItro row ,,ps ind(

('11-1 if) wongo sWith one. intervening mat yln gop

N02 N0 2

-C 1 12(<- H12-- (C 12e) n-Cl IZ-L--C 12I----

No 2  0JO2

0 '-V'll Iici orllm'v% t.o tii!;s8y81Xel vas (il 5(l)( inl a previous interim

1''1' ~.T[1 froa' IioU? of' W~-IIi(On1Jlo'fh{ll (iith etly erie gives tile

:'lr's;4rnie,( thyI1'rlt: ilserti) jprmt~dIlts whIi ch ire' IPLIct( d fl-rther witih

+~ ~ ~ ~~1 C2l~(I 'I-- -1212C")(i2Ci1i2I 1,,S

p f'(12(:I1((~I'2fl'1i(' IFNiN 12 -- *- 112 NCII1 2 "nh~ NO2n]

%4 %
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The ethyleneiititii tit iui setwly(luri tiie 'eiisy

Li ntite d is place ment. reac:tio Nl~ll WSclior Led inl I)M 1 and Id s of, ?0--

403% were obtaj ned. Yields, of tHie li nil io compiio~undr s wei-iimproved to -10--

6W,~ hv using 1)MS0 ;is the solvent-. The reiiiairidr,i' of Lice s.troini diorleb's

\''':Convci'tet tHiri'oihin irtoiine'd idie riitit Lsv- O iiitttlols. AfI(,iifts to

imro;'e the nitrn-t10ritme ratio bleo use of rn~tLe-situr'ated Aniberiie

11"'\--900) resinl were' urerc'essi'uI. Attlempts 1In iiiiaovo yi(,lds, by coivrtrilL

- - ~~i. ulcohols to the co(rresponding iimfo ;m1( tlt)SV21O ind ?'oflctilIg- Lh("il

I U socljijri Tikii, we i'e also iiisiicesf ul.

'he i nte r ve n ig methyleono group of Lb is serios 'allowed oxiclati ye

I I Littion to icioceed, ;altlioigli under very limited truditiouis. St1,,nda rd(

c r'iyanid-prsu fteprocedu res which we had founrd satisfactory with% the

p ~1 iio eoe ssem, t ldfor the t'w-diniiro comjpoun ds. RIali-

ScbtrSilveir iitrate- sodiumn nitrite urotze.dures failed in all eazses

bone tjl of the jgo-d id Ira cornpond s with sod iurn carbonate and Let in-

ru iers'Lt~ie v i'1 -- O io is rae . ) i yid cs of the a ,a, ,c,c)rttranitlao

fisod iiin Salts. Thi i rito rild iate salts wer'e isolated by filtration, arid

ac1'kf -idifction with h ydroclic cl d ga've thta sPlldlg tta

~~r ri it- ro e'onpou ds, 1,,.8ttai i-112121,1,1,0p 'lLOOCLn n ci

iI ,I10, 1(1- tetran itr c- Ill, 211,211,911I,911, 10 Hl- pert luorodecaric. TI hos e term inn] ii

-~~ -. ill nihit coinp0ound (s Wore di fficulIt to) p ri V. The protonm NM F? of these

a -%

5'~~~ t .~rn .u .aijord sh.e .P'Ln i 1ihiih'i'igtt ttogiO
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- .'.'1~r~~r'rx.- -- The .t I. -61r diodu flh~ -cr - cWW Y P .P'P 2r With' aqu ou r. r. t.11j 1a l - -dohP J .dl

No NN

to g(iveC1- the (orLCI-NidiW Cok CI,-etair- I I I l13{,1,818,Io,

NO.> NO,

TMO
'11 C 'C .TC1O

NO,, N02 NO.? NO,;

Cimila ( rm-iir compund wevl.' als prew--re fro 11 CC (CF )CIC

NO2ectNOl . NO..laio NO2oc dntoco pud gv h

ing-~~~I alohl in 55 5% 1%

Siinla ez-di itro con or id W 'ealo r~'ear~ fom 1 nt%0



NO,
'TNM

(G'":i (CF? Cl.1 C112 NO2  -- - .-- -> C41 (CK, ),,CI,,C

Na2 C0
NO -

NO2 NO,,
.- -.-,

CF ((F. )C OH (- + CH O ....-> CF (C ) K' CN( -C I : Olt

NO- NO-
n-5, 55%

0, 51%

'l'lie reaction of 1,1,4,4-te:ranit:robutane, or its for'-ild-hyde

adduct , with two moles of" methyl acrylato is the synthetic route to the

poLynit ro diacid, di amine and diisocyanate . The fluorine-cont-aining

tetranitro disod:ium salts prepared here, are a potent Iial source of

similar compounds c:ontain ing a central polyfluoromethyl-ene block. There-

fore, we investigated the Michael react.,ions of these salts with methyl

acrylate.

NO?. N02 N02 NO2
... ,¢ Base I

llCCll' (Cl'>)n2C1[ l C - -.... > MeoOCCII2CHle, CCII?2 (CF2  n Cl2 CC2C}II COOM
CIIL CHCOOMe

NO2 NO-. NO , NO

0
nz:4, 43%
ri:6, 16%

The presernce of fluorine appears to doeactivato the tetranitro salts

* . toward additions. Methyl acrylate reacted with 1,1,8,8-tetranitro-11,211,-

2H,71t,7,8HF-perfluorooctati to give the bis-acrylate addition product,

di i.uth yl ,6,?,7,,B,9,9-oc [nfl uoo-4,41,11 - letra ,i trotel~rdcen.d iorite, in

low yield u odOr MOSt co PdifJor)S. The best results were obtained by

(.. reacting the dinitro compounds with excess methyl acrylate using I

52
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- r .- 'a~t~aa~afl~a-12_ V~ W, VV IFT W. . 'K9.' . , 1-X -4 ' -,( . .- ,r -c - . a.a .- .r' ~

9..

Table 7. Conversion of Tetranitro Compound (n 4) to Diester

RUN MOLE RATIO" SOLVENT BASEb rIME rEMP °C YIELD %
1I 1:5 90% MeOB NaOl 12 h 50-55 0

10% H.lO (0.5)

2 1:3.3 90% MeOll NaOll 20 I 50 13
10% H20 (4.3)

3,1: 5 90% MeOtl NaOll 0 h 50 17
10% 1120 (1.9)

4 1:5 90% MeOH NaOH 66 h 70 5
10% H20 (0.5)

5 1:2 TIlF BuL:i 2 h --70 0
(2.0)

6 1:10 CH3CN IF c  22 h 25 0
(.3)

7 1:5 CH3 CN I)BU 18 h 50 0
(1.0)

8 1:5 85% TIIF TRITON B 16 h 70 9

15% 1120 (5.0)

9 1:5 DMF KF66hI 70 8
(0.5)

10 1:10 80% Dioxane Triton B 20 h 60 54

20% H20 (1.0)

a. Mole ratio tetranitro compound:methyl acrylate
b. equivlents of base per equivalent of tetranitro compound.
c. Bu4NCI used as phase transfer catalyst

equivalent of Triton B44 in 80% aqueous dioxane at 60 °C for 20 hours;

under these conditions, the isolated yield of the diadduct was 45%. In 85%

S. aqueous THF, the yield dropped to 9% using the same catalyst. Other bases

were examined. The reagent used for the tetranitrobutane ester prepara-
9'.

tion, sodium hydroxide in aqueous methanol, gave a 17% yield in this

system. Attcmpted low temperature reactions involving deprotonation with
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V0V-V I

butyl lithium failed to give adducts. T1he uise of anhiydrous potassiumri

fluoride in DMF, or the hydrate in a'etc. jitrile4 5 gave, low yields. Similar-

ly, D)8 was ine ffective in catalyzing this reaction. The effect of reaction

conditions is summarized in Table 7.

Similar difficulties were en(;olintered in the conversion of 1,1,10,10-

tetranitro- I H,2 H,21-l,911,9H, 10 R-lpe rf Iuorodeca te to the corresponding bis-

Mi a a ut, dituth yl 6,6,7,7,8,8, 9,9, 10, 10, 11 ,11 - dodecafluto ro-

4,4,13,13-tetr-anittro:hexadecanedioate, where the hest yield obtained was 17%.

:yZ.Art alternative appi-oach to the synthesis of these adducts was

investigated in which the Michael reaction of methyl acrylate with the ot()

* initro compounds is followed by oxidative nitration. As expec-ted, 1,8-

din itro- I f112l, 2H7,I, 8Hprluorooctane reacted with two equival-

ents of miethyl acrylate in the presence of DBU to give the symimetric

diadduct, dirnethyl 4,11 -diitro-6,6,7,7,8,8,9,9.-o-tnflxuorotetradecanedioate, in

.37% yield. A similar reaction in the prosenice of excess methyl acrylate

gave the tetra-adduct, dimethyi 4,11 -bis(2-irethoxycarboxyeth y])-4,11I -d i-

nitro-6,6,7,7,8,8,9,9-octafluorotetradecanedioate. Attempted Oxidative nitra-

tions of the symmetric diadduct were unsuccessful uinder at variety of stan-

dard conditions.

Base
0? NCA2 CHI?(CF-2 )nCH2 CI'. NO2 + CH2=CHC00Me ---- >

Ox. Nit.

MeOOCCIbI2CHCHCHI2 (CF2 )flCHCIICH?2CH2COOMCe --- X-- ->

%NO2. NO?

NOz NO 2

MNOOCCH? C112. CCF12 (CFa ) n C'Il COI2? CII COOMe'

NO? NO,

W';.
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B1. Hxperiirurtil

1-Nitro- I H, 111,211 ,211- PC 1flootrie I\ 1010 IC- A so II I Lim) of I- i(10-

11, 1 [1,2 H,214-pe ,fl uorooctal (16.5 g, :34. imo sodiulm rlitr'ite (G.0 9, 87

iiiiOl :ind i ': ( 5 -5' sr 92 Imm(~)h inl l)MI : i!) 111') %va $ir'( at ca. 0 "(1

for)T 4 h. PhiIll(:ito mIIY(JP Ate CT{) 11, 1:1 1tu11lH) )was addied and thle

ijiixti't %Vns s;r trrod( at roomr kw~l~I~tJ' ,ior in aditionill I6 h. Tfe

r~~~i(~~tA. doi iritljud enWith dieth vi 'thon ;tild pokll in'i over' crushed ice

inl) %v"Ier'. Tht' oi ?'Inlic lily(t' wAits- Scp~nned l rli [Li aquome)li; layer W~ils

Ix nrI c w %vit 1 d iIt h y 1 eth e r ~) 'ho comi inen e t f ( veaI la ye I-s we re

' w~e1~ilHI wnxviti, sod~ium~ kvlite ater (Zx%), anrd brino (2x), dried, filtered

vapraltiutdt utn6itod pressure u) iv 10.7 g of a brown oil. The

'I I rrfrgrt(1oim~iagl~nd chrorrrt(grflphed over silica gel (90%

16~I(~~~~n/h;re ogve :1.7 ir, (27% o f I - it.ro- 1.H, 1. 1,211,2 H-

1' [t-'filo(w~trie 1as it white, solid: nip 27-29 '(;Ii (C0112(12) 2970, 1550 and

Ii 10(-- 130 (:)Ill-!; III N'MU (CDCIL) 62 ?i-:I.4 (i, 2 11), 4.901 (t, J =7 117, 2

%:1): 19F NMI? (Fnrrrm 113) 80.4 (:3 F'), I111.t (2 F)., 120.0 (6 F), and 123.6 (2

Antl. Fth 11r v1 IINO )2 , 21 '1i 1I, I .W; N, 3. 5; G 6.83 .

1 , 1,8,8-Tetrarnitro- I lI,2H,211,711,71,8-perflutorooctane. A ixut ii r of

6.~ ~(0.731 u, 2.1 minol) arid

I (d 1 .:1 L 9.6; jirol) ii i m hO: il wi-; stirred (it r'ooml

r~oIf)Iot I' n. 'etnlntr'nr(th:r~e(3.2 16.3 rnro]) was added

4A1 
1 , 11 - 1 1- .; 

'.1 
r t'l e f r 3 1

I o . ( 01'H 114 Ui d li'' ih ( (~ m o TIJ 'l , ( 0 J) it r d

'V-o

4p-e 0? - pr



*Irij Olet s~did wv bd vyitil (ji~,I tknl. Ybio olid was distio~vt.d

iiiXV~.(I (a.2()() ml.ti colt:(i (ra. 5 "C ) aiml lk idi Iie(1 With cold 10 1](11IC.

-~ ('b ~(eelSla v"r ""Is oextr~lct d wvitti Inh , her. (2 x 100) tilk) all-(- thu.

* tiihiiedet nre Ltyoetrs wee "iid 'tL'(e ( 200 111L), dieid

I \1g S(~i), CilktneJ i'rici (V;lporatoiid(]T eln' press1Ir, to give, a light

t)ro\X'ii solid (0.77 0~ . icyxhil1IiLiorr of I ho c;rude product. from dijethyl

(A her1 i/ixo~e g'N 0. 63 ,)- (68%/) oU f , 1 ,8 ,ttrai t ro- 1b,2 1, 214,7H, 711,8 11 -

pt~rfIlloro((tiIJ a1s I hcll'ic -4iid: 1- -10!) ', "from (itchlorom(etloinrc,

.4.'..' ~ i:~J 11%,I (C1LC(12) 111z; I NMI? (iei4-li)67.48 (1., .1 z 8 IN,

11I), 3.88 ('il, -1 i1); Ill NIMN (iCew~ri r'iI,'-) CI3) 6 7.5 (t, .J = 8 Hiz,2

a- 2 >21In, 0 -'I NM (:reIor'-~) H10.7 (ill, V I), [18.1 (ill, 2 V).

Arml. ';flud k i r l'N ~ 1, 1);d .38; 1, PAI',. 7 9; F, 34.69.

Foulrnti. C', 22.0)8; HI, I .'N, 19.49 'P, ,

1,1I , 10,10 0-'e tr iin itr o - 11 2 1, 2 f, H9H, 91 f, 1011 - p erif I jo ro d e cne. In n rlnnrr

((I, WI--~efloro~ev~~n (1 .0 q, 2(.2 zinol) with1 Letrariitroinethiine (:3.5 g,

inol) ill lnetl hen3 (80 till,) ill the prfesetiru of p)otaLssium~i carbonate

1 42 10.2" ill llol) gaVe, a ftIer re~ryst'11 i/I z l I fi'ori fexanle/e ther, 0.60 g

!2)f I4 10, K)-v~rii-[1I,2H,2J1,911,911, l Oll -prloodcro np 131-1:33

V ~ (;.W ted, 6 6.95 (t, 2 1I, J :: 7 liv,), 'i.( (d t., 4 11, .1 7, 17

i,.); I'll' NMh! o 121.6 (ill, 4 V"), 120 (il, 4 F), 110.4 (inl, 4 V)D; liZ (neat)

Ii, 190), 1 150

Anal. C.bllt :~l~'2'b ' 22 I 1.12; , 42.6. Pound: C',

1,1 -1)i riitr-o-1Ill,2H ,211-peirfluoi-cooctflci. In a im i et' simil to that,

.4- ~ ~ ih d ;01()v!, rictjiii ()f ii-111 I2I2lprfurn1~~ (1.5 g, 3.8

~V %



III i nn': w it .f Let r; It I ro(m i r i I; II( I n I HI I I Ho I 15 tt u i r I ti(

~ n~ ~ kb \, ';~I Ii,. I i 8 H >1 : I 10 - 120 rd 0 l ,

A..)

A rnal. ('II i 1 1 h PriN 2( : 1(, 219'; H, 01.69; Nj, 6.9, Y, 56.37.

,2 ,9,9-TIu-trm ity o- 1 [1, 1 11,3l1,3H1,8H4,81l 11, 1 OI-perfluorodecane-1 ,10-diol.

d i(,JA InI ()! f, h (1iI i tXo - II 111 I 2 11 I7,11 11, 8 118 1l- r)f II (r)e; (2.81) (-Lar,

I w I ~rioia~v i.. 9, I II 110) ill ijlb.)(o l (100 fil)

w n s d ;it I-()mi f (,itpf r;,t~r~i , fc Pn 15 mill. T' t 'n tIiI -[Ira li rnith r e (2.0 g,

.' IllilliI 1.1t ki. *i il I l I m.-Hieiuimrol :-)Ifljor, d1nopwinr(,, nnid l l( ril ixturo

As i- ir rd ;iIt. C'n ini~1tii ow 18 It. I ble ixtuire was diluted with

4- N 101) III). 'Ibe, solid w,_18 dlissolvedI in iif(lirmtu (40 ml,) anid 37 % aqueous

kwII1wi1(1~ d I y(I 25 ml, ) Was ad (10(, M'd (1I. he C' OU tiori wns stirred at r'oomr

I upe~itini~ i2 it. Iiioni, thO Soluition mis broufigt. to pli G; by the zilow

nOdl (ior (iI' On( i~i~c :wic e Icjid, .111(1 dIi llii d With WAtuj' ( 1001 uiL'. This

"4 ill\ tir' (!x ra:,S w u tIith e~(wr (2, x 100 iij, and the comlbi nnei extracts

'A'4~~ 5 w0s~~ Inii Iiiir (2 I -( [fl (1i (M.9S 04 111dc ciie ro i 4.ri te d Ino

. ;i ~ 'I -,(slid. 11wi solid wlas- rocrn'st;ullizn'd (e thon'/bcxnie) to) give 2.41

0. (- d I X','IiI( l-did: fil 1,-6I "C: Ill NMJ, (ovel()tIt-d6) ~i 4.53 (s, 4

N t 'I , .1 18 lIz); I9') NN~k o 121.:2 (,i, 4l 10, 110.8 (fit, 4 P); [l?

H, % ) i

"4.
N.%

0V
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Anal. o*:iltdl. I-tli IioiiioNJ,u: ( ,IL 2"; N, 1.2; F' M.5.

F'.ilridl: C, '24.32; 11, 2.08; N, 1.70: F,'ioW5.

2,2,0,(~-'I' lci ii ti-- 11,111311,8 ,8!,'111 WI,1,7kIJ 1,fU1i'-p:cvftc-1,1 -Jio

* 2,21 1,11-Tetanitro-1 H,l1H,311,31, 1011,1011,1211, 1211-pe(rfluorododecane-

'r l (3 0  ~ 8 .08 1ll o1l vinci sodium vvirberiL(-.e 1I 1.,1 g, 108 mmiol) in

" -. 111,)' tA';1 Ste'-l'ei at '')(om t l(')'r hw cc fm- kI mi ll. 'leh'nit~r -

wt Fc;c: i i .( 1il. 0c 60.7 1110) vv':c I dd'd k~i) 010 HM U l;thriOl rio lultiot, d' ro Wiq'

0 1w' ccItLI!'(' \.,;Is : if'vcd ict i-earn kmipei-ahw ir F 18 hi. '['he mixturn

(.vI. ci i it ci dwit h C 12 C12 (50(0in) fill-creci arid the yellow pr-ecipitate

vI Ic I CiNI lbC 1,2 2: X 100 ml,1). The sol id wais dissolved in Hiethflrol (40

in 1) viId 37 % aq ieai is fCoxnialde hyde, (25 mlN,) was added, arid the solution

sdi FI-i ( -itIF clemc'nperatc foi, 2 hi. The, the solution was bxrought

t') [A; G I'v Ow Fe's v add(ition of irlacial n(-Ai( tic: icd, arid diluted with water-

100 [11 l). Timb ilix? ijr- .. !e (X,iicsw(l with i(thev (2 x 100 rnL) arid the

eu,'ire-d exr';Icc:Is wetre washe(J with waley' (? x 50 nil,), dried (MgSO 4 ), aI-Id

" (flid. The s(eid wii rocrystafllized( (ether /

tc'~:cc)Ic 'ItoN~u (75%) of I,2, I 1 -t,ti'.ilxor-i It,] H,3H-,311,10J1,1OH,-

-Ic -dio, ' 5 1 .'i; ;I i t'if se (lid: Tl) 152-4 (0'' 1JJ

.7. Mb (ii'li-dj: ~1.0( (sI 1), 3.55 (I, i 11I, J 1 I/ liz,); 19F, NNIR: 0

~- >L: iI ),I 19.6 (w, 4 1-), i0.8 hinc 4 F); IN (thin film): 3460, 1575,

\ic'cI(;,Ii 1'2'IlpOi1:cNc?214U: C, 2101 , 1.69; V., 38.1 1; N, 9.27.

%j\J % .7%
L.: -I. iSN '.1*721



%

% lIIIL, ill liteihrtiit (5 nil,) a!Ili Lht' iiixtit. wviis otirrcd Ut., r'oiI tornlpe t'atmre

il. 'it' ci:1 li on mixt L i t' W;i.;- 014 'i? it t 10101' tI',dkIt ttO&( luif(." ilv1 ,

* ~~~ill~ited 'iih wi\ 'tl., 'Iriki %x~irtt vith td iM t\'l uti' (2.x). ttri r1

11: C 1 . 2 :i>,0 :i090, 15or [1,1 15O-0 - I -r; Ill N rI? (acetone-

' I o ' ~jwih D:'')), 11) 1 - 2 I md 3.60) (1, .1J _ 17 Hiz, I

Arial. { ~t iri itI~'t29:K,2.9 , 1.02i; N, 5.98; F, 52.76

2,2-1)i ni ttm- I -h ydroxy-1 H,iH1,3H,314-perf luorotridecane. Potassium

i;t 0.:;§Z - a *- )wa ad d1o(d to sa -sout io r o f 1. -n itrto -

[t'l ;,trrtl (2?" fit . .. \tor, 310 minh, iNiA (I.') P, 6.6 innol) was added

It''! f ill 1, . iIid Il I l ix h 11.( wi ' I" fl i t l, ' at. ri H tin [urn pirvatllre for-

1I~ r'tit 11)1 ix uie ro a~ w ds iit [ wi blih cltrtonethano (200 niL1),

'Ht;tr~l. in o ti ti i tt :ItqIteott ii :w7 ' nilx, (1 5 miTJ, arid muthatiol

'i), v Ih .. ' Iii Ih t~i Itj i o i- rif 1-im I ~ iod i- foa Io' d.r wrihe eih Wt

miA l'' i i e i1l i~w ; '.'l .c d td (xxa t d w t

Th c il iwd 4: 1 1(,) W r., aIcd w th wa e



)IrI li i r lit'i h (ih -(i I Iki v i I W f)p ((l W( I iI iI I,, I hclLI ed p ; s ~Ii~' t- o give 11

vo1~& h ~rt:4lizitiriof "his solid ft-,rIl chlor~oorm g;Ive 0.58 g

(:51 2F ,2- d irIIt Io-- I i , Y oII I I 1, , Ii1 f1II ( p I I I IIII Iii I Ii'T ( Ii "! 4 ..5 -126

C; 11? (thyin Film) :1'-50, :3050, ]:-)'.0 111(] I) 101300 111r ' NMR (acetone-

1161 :> .59 (m", (7 emits with D,)-., 1 11), -i.53( s, li) wind :0.12 (t., J =1I7

*~~~ Arin 1. C;tu i c,~iJ~K~ 7 :3..); k1 .75); ,*.

imreth yl 6,6,7,7 ,8,8,9,9-Oc-tafliuoro-4 ,4 ,11~, I-tetrriitxtotetrad~ec-arnedioaite.

sii I()f lllketh~ ;wr-vlrile (1. 1, 12.8 iimoi) in 8:1 dioxirw/waher- (17

'7I,8I-~rf~'j m0t~li (I.0 if, .3 1111(1)) iimi Iritmr-ll) (1.1) nl,) in 5:1

di"I,'M11 /.;tr (77 ml,) II t, (3 "C Afte QI ] !I ;i W0 t', ii s 0071(1 potiori of

iiutlhv" I ;tcl-yhlito (0,H vP*, 9.)miO, db-se))v.o in dioine J8 ml,, was added

ii~~;tre I ,wiw~ ~ .t; GO fo ;- id diti irl (; I and Fit. rooli

Iiii~itim'fw- 2 d. 'Pho rnixthorf! w;us diluted with1 dichioy-omethane arid

p1:mWild Wv ('I -ikilwd~ wHi ~irid c1 onc. 11K;, (3 ml,). Tho ot-gmnic layer

V;u5 Sep8li'HlI'd mimi, Owr ;aqieoms layefr wtiH ox.,triaAfted with dichioromethanie.

1n1(l riil trioil Sp~i la \ors were xmislied wit-1 wnter. (2x ), I 0% mq.Ioul

%vit h I ieth yl it, Iifr, (.)(I('d atid f*:'lerkol ,i vtm' 0.61) gq (43%) of dimelThyl

H. , ~,8,8,,9~oIa~uWIW-,lI ,11-terait WIto!mncdiate: ip132-133 'C

;Wiitli/Wmiter); I 1? (1H212 2 95 1'750, 1 590, anid I1100- 1300 er -1; 111

3db'(teetofe~i,) 71.0 It. i llx, I M), J.71 (s, G 11), 3.15 (t, J 6

[ iAN

IA"lcJ



Jvr--

1 1 .1 ) b , d ,pI '

Ai I C I If I i, I VV

6, 6, 77, 8, 8,9, 9- Oct af I uoro-/1,4 1. 1, 1 1 1let I an i trotet rdecanedio ic

Acid. A s() Ititl I cn J Idim:IjeIiv I' IY78 ~,~ I~lti i,I I, II t rI

liIe 1i 0~,itO~ t 0.Z t , 0 :), 11)11,1W i it (-oi (iilil r;ti (Il Ilivriw~il OIi

;w (I I; 11. I<(1 ') i II ilm I ),- I Ie I' [III L lvi I: ; e I ixe fe 1,1 1 1' A It

IIIx I Ih r ,iz w t I odl t 0 C it( I lhr :3 t1 Wir I I ir(I , w alsliel %Y I~ ti

I tnitd I I () I I v" 0 . d I ;111 1F ;.,,1 i I o

1 Ill: NNE? o MIt II, I I" 120. 0 4i I" ; tit (GWIT) 3600 -2800,

(I; I Fr Ci II ul FN 1 0t :C,2 "t. i i, 2. 12; F', 2G. 10; N, G.2.

II~~1 , If* V 20.4:1: N, 9. 17.

I) irmethfy I F, G, 7, 7, 8,8, 9,q,10, 10, 11, 1 -Dodecaf uoro-4,4, 13, 13-tetra-

ii I rI - lif'Xtl( it'tflf i ,)it I o . A 1nIitjo o ) I, i, 10 ( ,t m iil i it C) -111, 211, 211,911,

M I ()ndf 1114, 1 .1 F ' 1 .0 iiiuiio I IllI ]IN!l ;wrv~d 1,1 (1 .43 G, G)~

TI 2 12.te i 1 i ()It H C O O ,, 1 1 m th ml t d ie Wd8l iiM l TnL) and

t h l, 0 1 1& 1 ii~ w i 1 I 1 fi Vilitti i l (31 1 it(iI f, d I~ -x I rm t ed wi I'l

I i'l ( I ! (ilf r2 ",!i ;I 1 ' 1 Ii I I frou1 11 111nile1 haw)i I I -i '.i %, t.IoO 0 .2 ' I Iw.

9 10 10i~v 1Y 1tt.t 1(,1 1i dfdo 'hrer~Fhione, 0'1 M,1 (eI 'nli 1o

-IK.

% v 0



V1_ " - - -. W" -1-. -1 Y-V7W _W R-W- mWT WTIj'W

72 s, G Ii), .10 (.1, 4 11), M ~ I H I? (,If C 1 17-50, 158 1i( c

KAnal. Cal I( k~ F( ; I 4i i'y Vi -d19 1, 2 !,5 l,', I211 N ,

7. 8!. FOu~nd: C,>-.4I,2.57 Fj > i: , C

Dilnethyl 4, 11--D in it ro--, 6, 7, 7, 8, 8,9,9-oc t a Iluorot et radecaned ioat e.

A citiiiflofldifiiitLr Ill, I11, 11fIl, rii,HJi.Hfi tr-ifU -1 1)r'rWrt al k0.584

11 .6 11rrn , l iieh, ar rtv1I at 0 .29 111 (1otI ai 1,8H dialr icvclo-

e . tilide(: 7 io .111o 1, .) ac(0,m3i i 1, 6 I, (50 in I was

I I I 'd i kI iinh i ( I I tflle a c For !(h . TlpIrII I ol ra mie d i hited wi tb

Wit I 5i 0 inl ;oir :1 1 .he !-I,-u~ w v 1 s ;icIdi I i r- with 20 . FICI anid

R * w ''d witH j I i ii' rh jorid nc ( ,) Il I TI I I '1 c toibilied orfganic

e-x I r'ari'.- W orn ( wzishorI w it h wi r 22 r)O mn i . ed over nragcces vLuI

:;t.fat, ard rin(The It (''I. li irw r-; due was chroiatogrraphed on

8 :gel 3I-;,; h irc )I v 1omlL' ch Ior idro to give_ 0,32.3 1, 27 'o) of dirneLhyl

I, 9r ,7, 7, H, H, !,A or' I I.iit e t r:rulr' cricd i onat e: nip 7(;-7H

J~ 11anoI NMI D . 92 (m , 11 : 1), 2 .fi6 2. 20 mi,

2 l): 2 F NNIN o 116. 0 (I, 2 F'), 121!.))a F): 1R (MHC1 )1750, 1560,

Anal . Ca Ilc f'(;Ci; 111,o HN-: Oi :C,(io. 93; 11, 9.107; N, 5.:39; F', 29. 21.

F''rrrnr' : 1C, :17. :!-) If, :' , (3; N4, 5.:9 5 :, 1) 2 00.

Dimethyl 4,1l-Bis(2-rnethoxycar'boxytiyl)-4,1ii-dinitro--6,6,7,7,8,8,-

9,9 o;tafl unjrotetradecanedioate. A solut i n of)I 1,i Ii nit ro 111,11L, 211, 211,

'7 1, 711, 811, I Il'l -I H I'ri-oct 11- ( 0. 1) g, 0. :M fulmlr I IJflr't 11%1 cr-y Ia te (0. 11 g,

I 1lriflr I I mit I , H (I I:xi a r11 i cyr 'to ( 5. 14. 0). 1 ie -'7 rare ( 0. (39 If, 0. 630 inniol I i n

c',l .iri I r i S 5Il wi: ; Si I r~ 'or fr' 2 i at. room tempe-rature-. The

1it i cIll we. di mt iii wit h wat o'' 25 In I "I ri, I i f i led w.i t-h 20 9 ICi I and

or -c Wl.,- 2

% %
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